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Foreword

John R. Edwards

This book is an excellent exposition of the use of Data Envelopment
Analysis (DEA) to generate data analytic insights to make evideased
decisions, to improve productivity, and to manage -tskt and benefit
opportunity in public and private sectors. The design and the content of the book
make it an ugio-date and timely reference for professionals, academics, students,
and employees, in particular those involved in strategic and operatemision
making processes to evaluate and prioritize alternatives to boost productivity
growth, to optimize the efficiency of resource utilization, and to maximize the
effectiveness of outputs and impacts to stakeholders. It is concerned with the
alleviation of wortdl changes, including changing demographics, accelerating
globalization, rising environmental concerns, evolving societal relationships,
growing ethical and governance concern, expanding the impact of technology;
some of these changes have impacted nedpative economic growth of private
firms, governments, communities, and the whole society.
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Abstract

As an important and interesting topic in plypchain management,
fuzzy set theory has been widely used in logistics center location to
improve the reliability and suitability of the logistics center location
with respect to the impacts of both qualitative and quantitative
factor. However, fuzzy setannot deal with the indeterminacy
involving with the problem. To deal indeterminacy, siniglalued
neutrosophic set due to Wang et al. [2010] is very helpful. Logistics
center location selection having neutrosophic parameters is a multi
attribute makig process involving subjectivity, impression and
neutrosophicness that can be represented by smgled
neutrosophic sets. In this paper, we use the score and accuracy
function and hybrid score accuracy function of singlalued
neutrosophic number andanking strategy for singlevalued
neutrosophic numbers to model logistics center location selection
problem. Finally, an illustrative numerical example has been solved
to demonstrate the feasibility and applicability of the developed
model.

Keywords

Logistic centerMulti-criteria group decision makinglybrid score
accuracy functionSingle valued neutrosophic s&ingle valued
neutrosophic number
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1 Introduction

Logistics systems are essential for economic development and normal
functioning of the sdety. Logistic center location selection problem can be
considered as multttribute decision making (MADM) problem. Classical
strategies [1, 2, 3] for solving MADM problems are capable of deal with crisp
numbers that is the ratings and the weightshefdttributes are represented by
crisp numbers. However, in practical situations, uncertainty plays an important
role in MADM problems and decision makers cannot always present the ratings
of alternatives by crisp numbers. To deal this situation, fuzzFSgtintroduced
by L. A. Zadeh [4] and intuitionistic fuzzy set (IFS) introduced by K. T.

At anassov [ 5] are helpful. But it s eems

most important starting point in the history of dealing with uncertainty
characterizedby falsity and indeterminacy as independent components. F.

Smarandache (1998) grounded the concept neutrosophic set (NS) that is the

generalization of FS and IFS. Then, Wang et al. [7] defined single valued
neutrosophic set (SVNS) and its various exterssiohybridization and
applications [872] have been reported in the literature.

Selection of location for the logistics center is based not only on

quantitative factors such as costs, distances but also qualitative factors such as

environmental impacts angovernmental regulations. During the last three
decades, several strategies for solving location selection problems have been
proposed in the literature. A. Weber [73] studied at first solutions for location
selection problems. L. Cooper [74] discussesl ¢hlculation aspects of solving
certain class of center location problems. L. Cooper [75] also devised a number
of heuristic algorithms for solving large locational problems.

Tuzkaya et al. [76] employed the analytic network process (ANP) strategy
basedon main four factors, namely, benefits, cost, opportunities and risks for
locating undesirable facilities. Analytical hierarchy process (AHP), a special case
of ANP was employed to solve location problems-104]. M. A. Badri [81]
combined AHP and goainodel approach for international facility location
problem. Chang and Chung [82] studied a ratitieria genetic optimization for
distribution network problems.

In fuzzy environment, Chou et al. [83] studied a maitiieria decision
making (MCDM) modefor selecting a location for an international tourist hotel.
Shen and Yu [84] employed a fuzzy MADM for selection problem of a company.
Liang and Wang [85] presented a fuzzy MCDM strategy for facility site selection.
Chu [86] proposed facility location Igetion using fuzzy technique for order
preference by similarity to ideal solution (TOPSIS) under group decision.
Kahraman et al. [87] presented four different fuzzy MADM strategies for facility

14
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location problem. Farahani et al. [88] presented a compreleaesiew on recent
development in mukKcriteria location problems.

Recently, Pramanik and Dalapati [62] presented generalized neutrosophic
soft MADM strategy based on grey relational analysis for logistic center location
selection problem. Pramanikalt [89] studied logistic center location selection
strategy based on score and accuracy function and hybrid score accuracy function
of single valued neutrosophic number due to J. Ye [67].

In thispaperwe develop a new strategy for multi attribute gralecision
making (MAGDM) by combining score and accuracy function due to Zhang et
al. [71] and hybrid accuracy function due to J. Ye [67]. We also solve a numerical
example based on the proposed strategy for logistic center location selection
problem inneutrosophic environment.

Remainder of the paper is organized in the following way: Section 2
recalls preliminaries of neutrosophic sets. Section 3 presents attributes for logistic
center location selection. Section 4 is devoted to develop MAGDM strategy
Section 5 provides a numerical example of the logistic center location selection
problem. In Sectior6, we present concluding remarks and future scope of
research.

2 Neutrosophic P reliminaries

In this section, we will recall some basic definitions anadcepts that are useful

to develop the paper.

2.1 Definition: Neutrosophic sets [6]

Let U be the space of points with generic elementidenoted by u. A
neutrosophic set A it is defined as A =<€u, t, (u), i, (u), f, (u)>: ul U},
wheret, (u):UY] 0,1[,i, (u):UY] 0, I[,andf (u) :UY] 0,1 and
00 A(u)+in(U+fa(u)'. O3
2.2 Definition: Single valued neutrosophic sets [7]

Let U be the space of points with generic elemeni/idenoted by u. A
single valued neutrosophic set GUris definedas G {< u, t; (u), i; (u), f; (u)
>:uN U, where £ (u), i (u), fo (u)N [0, 1]} and 0 Ot (u) + i (u) + fs (U)O
3.
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2.3 Definition: Single valued neutrosophic number (SVNN) [67]
Let U be the space of points with generic elemeni/idenoted by u. A
SVNS Gin U is defined as G =qu, t, (u), i, (u), f, (u)>: ul U}, where t; (u),
i (u),fs (U)I [0, 1] foreach pointuiba nd  Qu)©i,(t)+f,(u) O3. For
a SVNS G inU the triple< t. (u), s (u), f; (u) > is called single valued

neutrosophic number (SVNN).

2.4 Definition: Complement of a SVNS

The complement of a single valued neutrosophic set G is denotediy G

defined as
Gi: {<p: tGi(u)’ iGi(u)i fGi(u)>1 Lj u }1
where &(p)= {1} - ts (U), igi(u) = {1} T ic(u), fei(u) = {1} - fo(u).

For two SVNSs GandG;in U, G; is contained in g i.e. Gl G, if and
only iftG,( U ) G, @), G, ( U ) G, @), fiG, ( u) G, () fér any u inu.

Two SVNSs G and Gare equal, written asiG G, if and only if G |
G, and G | G
2.5 Conversion between linguistic variables and single valued neutrosophic
numbers

A linguistic variable simpl presents values that are represented by words
or sentences in natural or artificial languages. Importance of the decision makers
are differential in the decision making process. Ratings of criteria are expressed
using linguistic variables such as veryimaportant (VUI), unimportant (Ul),
medium (M), important (1), very important (VI), etc. Linguistic variables are

transformed into single valued neutrosophic numbers as presented inIlable

2.6 Definition: Score function and accuracy function [71]
Assumethat x =(t,, i,, f,) be a SVNN. Score function and accuracy

function of 6x6 are expressed as foll ows:

16
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s(x)=t, +1-i, +1-f, =2+t -i -f, 1)
ac (x) =t -f, (2)
Her e, s ( x) and ac(x) represent the scor

respectively.

2.7 Definition 6 [71]
Let 6x06 and 6ydé6 are two Srvoddefined Then, the
as follows:
(2) If s(x) > s(y), then xy:
@1 f s(x) = s(y) and ac(x) O ac(y), then x
(3) If s(x) = s(y) and ac(x) = ac(y), then x is equal to y, and denoted by x ~y

3 Selection criteria for logistics center

In order to perform a complete assment of logistics center location
problem as a multiple criteria decision making problem, we choose six criteria
adopted from the study [90] namely, cost)(@istance to suppliers £ distance
to customers (€, conformance to governmental regulaticsd laws (G),
quality of service (€) and environmental impact {C

4 MAGDM strategy based on a new hybrid score accuracy
function under SVNNs

The following notations are adopted in the paper.

J={kXe, ,Hn?2 2)isthe set of logistics centers;
C={C1,Cs ...,Cr }(r 2 2)is the set of criteria,

D ={Dy, D, ..., By} (Mm 2 2) is the set of decision makers or experts.

The weights of the decisiormakers are completely unknown and the
weights of the criteria are incompletely known in the groupisien making
problem. We now present a new hybrid sdoeecuracy function by combining
score and accuracy function due to Zhang et al. [71] and hybrid accuracy function
due to Ye [67for MCDM problem with unknown weights under singlalued
neutrosophi environment. MCGDM strategy is presented using the following

steps.
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Stepi 1 Construction of the decision matrix

In the group decision process, if m decision makers or experts are required
in the evaluation process, thentteh (r = 1, niaké& canpngvided eci si o
the evaluation information of the alternative(i)=1, ..., n) on the criterion C(j
=1, ...,r ) in linguistic terms that can be expressed by the SVNN ( see Table 1).

A MCGDM problem can be expressed by the following decision matrix:

a C/ C,.... C 0
=) 1 2 r o)
r r A
gl Xll X12"' Xlr 8
Ar=(X])psr =&, X5 X5 X5 © (3)
r— ij/nmr — 2 21 22 2r
e [0}
& o]
r r r
é%n an Xn2"' 'an @

Herex =(tj ,i; ,f;) and(CQ+iQCt+f(C,) O 3
ti (C,)ii (C)). fi (C))I [0, 1].
For r = 1, 2r,, .i. .= 1m, 2, =éln. 2, é

Stepi 2 Calculate hybrid scorei accuracy matrix

The scoré accuracy matrix in hybridization forr@" = (Z; Yoy (r=1,
2éé, m; i = 1, R)canbeobtainedfrom the decisibn makix e,

M = (xi'j )nsr - The hybrid scor@accuracy matrixQ' is expressed as

a CGC,...C, 0
& 0
B, zy 23,.. z, O
r r & r r r O
Q :(Zij Iny =8, Zy 7y z, O (4)
& 0
@ 6
é@n 21, 2}, 2 8
Zy=a 2+, -1+ () (T T)) ©)

18
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Herea i [0, 1]. Whena = 1, the equation (5) reduces to equation (1) and

when & = 0,the equation (5) reduces to equation (2).
Stepi 3 Calculate the average matrix

From the obtained hybrigcoré accuracy matrix, the average matrix
Q'=(zy)n3r (r=1,2,...,m;i=12.,n;j=12 r.)is

expressed by

ée C C,.... C 8
gl Zyy Zypee ZL 8
Q=G =, Tz, 7 0 ©
& 0
éﬁn 2:11 Z;Z 'Z;r g
L1
Herezij_a X r=1(zij) (7)

Collective correlation cefficient betweenQ" (r = 1, 2, ..., m) andQ”

due to Ye (nd.) is presented as follows:

ar ro*
a2

V() Jal ()’

(8)

Cr=éin:1

Stepi 4Det er mi ne decision makersdé weights

In order to deal with personal biases of decision makers, Ye [67])
suggested to assign very low weights to the false or biased opinions. Weight

model due to Ye [67] can be written as follows:

A=Y ., AO® 1m,Axiforr=1,2,...m. 9)

a Pllcr
StepT 5 Calculate collective hybrid score’ accuracy matrix

For the weight vectoh = (Al,A2 e .,Am )" of decision makers obtained

from equatior(6), we accumulate all individual hybrid scar@ccuracymatrix

19
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5 Example of the Logistics Center Location

Assume that a new modern logistic center is required in a town. There are
four location 4, %, %, k. A committee of four decision makers or experts fgme
D1, D, D3, D4 has been formed &electhe most appropriate location on the basis
of six criteria adopted from the study conducteimng et al. [90] namely cost
(Cy), distance to suppliers §§; distance to customers {)C conformance to
governnent regulation and laws {}; quality of service (6 and environmental
impact (G). The four decision makers use linguistic variables (see Table 1) to
rating the alternatives with respect to the criterion and the decision matrices are
constructed (see Thh2-5).

Tablel. Conversion between linguistic variable and SVNNs

1 Very unimportant (VUI) (.05,.25,.95)
2 Unimportant (Ul) (.25,.20,.75)
3 Medium (M) (.50,.15,.50)
4 Important (1) (.75,.10,.25)

5 Very important (V1) (.95,.05,.05)

Table 2. Decision matrix for £n the form of linguistic term

J|C|C |G |C |C |GCs
il | VI I M | M | U
Ll M | M | VI |I I
E|M |VI |[VI [M |I M
J | VI M (VI |I I

Table 3. Decision matrix for £n the form of linguistic term

J |G [C|C|Cs|Cs |Cs
Jo| | I M | Ul
b VI I [ ul | Ul
B | UL | VI|VI|I M M
b (M| M |VI|I VI | VI

22
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Table 4. Decision matrix for {in the form of linguistic term
J|C|C|C|Ci|Cs|Cs
Jo|l I [Vl I M
(VLM [VI|I |VI|I
B[ Ul | VI[VI|I M |
(M |M|I |VI|VI| VI
Table 5. Decision matrix for An the form of linguistic term
J C1 Cz C3 C4 C5 CG
J|VI Ul Ul I I I
LM M |VI|I M | VI
J | Ul VI M |1 I
NN I MM I M
Step 1 1 Construction of the decision matrix
Decision matrix for Rin the form of S\NN
ge G C G Cs Cs Ce g
& (.75,.10,.25)(.95,.05,.05) (.75,.10,.25) (.50,.15,.50) (.50, .15, .50) (.25,20,75) &
A =gz (.75,.10,.25) (.50, .15, .50) (.50, .15, .50) (.95,.05, .05) (.75,.10, .25) (.75,.10, .25) 8
@, (.50,.15,.50) (.95,.05,.05) (.95,.05,.05) (.50,.15,.50) (.75,.10, .25) (.50,.15,.50) &
234 (.95,.05,.05) (.75,.10, .25) (.50, .15, .50) (.95, .05, .05) (.75,.10,.25) (.75,.10,.25)°
Decision matrix for Rin the form of SVNN
4 C C Cs Ca Cs Ce @

& (.75,10,25) (.75,10,25) (.75,10,25) (.50, 15,.50) (.75,10,.25) (.25,20,75)3
Azzgz (.95,.05,.05) (.75,10,.25) (.75,.10,.25)(.75..10,.25) (.25,.20,.75) (.25,.20,.758
a8, (.25,20,.75)(.95,05,25)(.95,05,.05) (.75,10,.25) (.50,15,50) (.50,15,50)0
3. (.50,15,50) (.50,15,50)(.95,05,05)(.75,10,25)(.95,05,.05) (.95,05,.05)2
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Decision matrix for @in the form of SVNN
C C: Cs Cs GCs Cs g
& (.75,10,.25) (.75,10,.25) (.95,05,.05) (.75,.10,.25) (.75,10,.25) (.50,.15,.50)6
Aezgz (.95,.05,.05) (.50,.15,.50) (.95,.05,.05) (.75,.15,.25) (.95,.05,.05) (.75,.15,.25)8
a3, (.25,20,.75) (.95,.05,.05) (.95,.05,.05) (.75,.10,.25) (.50,.10,.50) (.75..10,.25)5

S (.50,10,50) (.50,10,.50) (.75,10,.25) (.95,05,05) (.95,05,.05) (.95,05,.05)°

e

Decision matrix for RQin the form of SVNN
C (073 Cs Cs Cs Cs g
(.95,.05,.05)(.05,.25,.95) (.25,.20,.75) (.75,.15,.25) (.75,.10,.25) (.75,.10,.25) &
Aa= (.50,.15,.50) (.50,.15,.50) (.95,.05,.05) (.75,.10,.25) (.50,.15,.50) (.95,.05,.05)2
, (.25.20,.75) (.95,.05,.05) (.75,.10,.25) (.50,.15,.50) (.75..10,.25) (.75,.10,.25)6
(.75,.10,.25) (.75,.10,.25) (.50, 15,.50) (.50, 15,.50) (.75, 10.25)(.50,.15,.50) >

2B BE BB

by

Now we use the proposed strategy for single valued neutrosophic group
decision making to select appropriate location. We take= 0.5 for
demonstrating the computing procedure

Stepi 2 Calculate hybrid scorei accuracy matrix

Hybrid scoreaccuracy matrix for A

& & C GC Ci GCs ceg
adh 1.451.651.450 .925 .925 .40 g
le?? 1.45 .925 .925 1.650 1.45 1.45 8
o -9251.651.650 .925 1.45 .925;
8%4 1.65 1.45 .925 1.65 1.45 1.45 9

8

Hybrid scoreaccuracy matrix for A

G C C Ci GCs G0

adh 1.451.451.45 .9251.45 .40 g

Q° =§2 1.651.45 1.45 1.45 .40 .40 8
o 40 1.65 1.651.45 .925.925

&, 925 .9251.651.45 1.651.659

B
o

Lol
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Hybrid scoreaccuracy matrix for A

& GG GG G GJ
o 1.451.451.651.451.45.9254
Q* =%, 1.65.9251.651.451.651.45)
a8, 1.651.651.651.45.9251.450
S .925.9251.451.651.651.65

Hybrid scoreaccuracy matrix for A

t':jle G G G G G G 8
2 1.65 0.40 0.40 1.45 1.45 1.455
Q" =%, 0.9250.9251.65 1.45 0.925 1.650
a3, 0.40 1.65 1.45 0.9251.45 1.45 6
23, 1.45 1.45 0.9250.925 1.45 0.925)

Stepi1 3 Calculate the average matrix

Using equation (7), and hybrid scesecuracy matrix, average matrfx

is constructed as follows

G G G G G ng
o 1.50 1.241.501.191.320.795
Q'= &, 1.42 1.061.421.501.111.24 0
& 0.84 1.651.601.191.191.19 §
¥, 1.24 1.191.241.421.551.42 9

e

Using the equation (8), the collective correlatioreficient betweenQ'

and Q" are obtained as
c,=3.93,c, = 3.88,c, =4.03,c,= 3.82.
Stepi4Det er mine decision makersé weights

From the equation (9) we determine the weights of the four decision

makers as follows:

A, =0.250,A,= 0.248,A,= 0.257,A,= 0.244.
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Stepi 5 Calculate collective hybrid score’ accuracy matrix

Hence the hybrid scoc cur acy values of the differe
choices are aggregated by equation (11) and the collective hybriccstomag
matrix can be formulated as follows:

& G C C Ci G G 8
oh 1.501.241.241.19 1.32 .79 4
Q= 23, 1.421.05 1.421.5 1.111.242
2J; 0.851.651.601.19 1.181.1%
£J, 1.231.18 1.241.42 1.551.420

StepT 6 Weight model for criteria

Assume that incompletely known weights of the criteria are given as
follows:

n O™ noH 2 1 22K0.2 nom XK
NoOMmMK ndPHP Z 1 42K0.2, nom XK
NOMsM@M nodOH 1 62K0.2 nom XK

Using the linear programming model (12), we obtain the weight vector of
the criteria as

Max =.25*((1.5% 1+1.24%] »+1.24*] 3+1.19*%] 4+1.32*] s5+.79*
6) T(1.42*%] 1+1.05%7 o+1.42*] 3+1.5%7 4+1.11*] 5+1.24*] ¢)+(.85*]
1+71.65*%7 o+1.6*7 3+1.19*7 4+1.18*] s5+1.19*7 ¢) +(1.23*] 1+1.18*]
o+1.24% 3+1.42% 4+1.55% s5+1.42*% §));

1 >=1] 1<=.2)] >=1 <=.2) =1 <=.25] »>=1] <=2
T = w<=2) =1 <=2

T 1+] 2+] 3t] 4t] st] e=1;

Solutions of 1,1 21 31 4] 51 care:

1 0.1000000 0.000000
2 0.1500000 0.000000
0.2500000 0.000000
4 0.2000000 0.000000
5  0.2000000 0.000000
s 0.1000000 0.000000
1 =[0.1,0.150.250.2,0.20,0.1]".

S U U (|
w
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Stepi 7 Ranking of the alternatives

Using the equation (13), we calculate the overall hybrid saoceracy

h3) (i=1,2,3,4):
h(3,) = 1.227,h(J,) = 1.300,h(J,) = 1.326,h(J,) = 1.346.

Based on the above valuesiq,) (i=1, 2, 3, 4), the ranking order of the

locations can be presented as follows:

> %> 5> J.

Therefore, the location, ik the best location.

6 Conclusion

In this article we have developed a new strategy for multi attribute group

decision making by combining score and accuracy function due to Zhang et al.
[71] and hybrid accuy function due to J. Ye [67] and linguistic variables. We
present a conversion between linguistic variable and SVNNs. We have also
presented a numerical example for logistics center location problem using the
proposed strategy under singlalued neutragphic environment. The weights of
the decision makers are completely unknown and the weights of criteria are
incompletely known The proposed strategy can be used solve to multi attribute
group decision making problems such as pattern recognition, meigigabdis,
personnel selection, etc. We hope that the proposed MAGDM strategy can be
extended to interval neutrosophic set environment.
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Abstract

In this paper, we present a hybrid model of Neutrosepli®ORA

for supplier selection problems. Making a suitable model for
supplier selectionis an important issue to amelioration
competitiveness and capability of the organization, factory, project
etc. selecting of the best supplier selection is not decrease delays in
any organizations but also maximum profit and saving of material
costs. Thusnow days supplier selection is become competitive
global environment for any organization to select the best alternative
or taking a decision. From a large number of availability alternative
suppliers with dissimilar strengths and weaknesses for different
objectives or criteria, requiring important rules or steps for supplier
selection. In the recent past, the researchers used various multi
criteriadecisionmaking(MCDM) methods successfully to solve the
problems of supplier selection. In this researchyltiMObjective
Optimizationbased orRatio Analysis (MOORA) with neutrosophic

is applied to solve the real supplier selection problems. We selected
a real life example to present the solution of problem that how
ranking the alternative based on decreasigj for each alternative

and how formulate the problem in steps by Neutrosepii@ORA
technique.

Keywords

MOORA; NeutrosophicSupplier selectionMCDM.
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1 Introduction

The purpose of this paper is to present a hybrid method between MOORA
and Neutrosophim the framework of neutrosophic for the selection of suppliers
with a focus on mulicriteria and multigroup environment. These days,
Companies, organizations, factories seek to provide a fast and a good service to
meet the requirements of peoples ostomers [1, 2].The field of multi criteria
decisionmakingis considered for the selection of suppliers [3]. The selecting of
the best supplier increasing the efficiency of any organization whether company,
factory according to [4].

Hence, for selectinght best supplier selection there are much of
methodologies we presented some of them such as fuzzy sets (FS), Analytic
network process (ANP), Analytic hierarchy process (AHP), (TOPSIS) technique
for order of preference by similarity to ideal solution, (p$®cision support
system, (MOORA) multobjective optimization by ratio analysis. A
classification ofthese methodologie® two group hybrid and individual can
reported in [4, 5].

We review that the most methodologies shows the supplier selection
Analytic hierarchy process (AHP), Analytic network process (ANP) with
neutrosophic in [6].

1.1 Supplier Selection Problem

A Supplier selection is considered one of the most very important
components of production andilgarity management for many organizations
service

The main goal of supplier selection is to identify suppliers with the
highest capability for meeting an organization needs consistently and with
the minimum cost. Using a set of common criteria and measures for abroad
comparison of suppliers.

However, the level of detail used for examining potential suppliers may
vary depending on an organizationd6s needs.
goal of selection is to identify highotential suppliers. To choose suppliers,
the organization present judge e@&ch supplier according to the ability of
meeting the organization consistently and
selection criteria and appropriate measure.

Criteria and measures are developed to be applicable to all the
suppliers being considered atareflect the firm's needs and its supply and
technology strategy.

We showSupplier evaluation and selectiprocess [7].
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1. Acknowledze the need for
supplier sourcing %
&
7. Comtract/ Agreement 1. Determine criteria for
signing with the selected supplier sourcing
supplier
.
6. Evaluate and select the 3. Identify sources of
supplier potential suppliers
i
§. Determine methodology to 4. Shorthst the supplier
assess and evaluate suppliers from selection pool

Figure 1. Supplier evaluation and selection process.

1.2MOORA Technique

Multi-Objective Optimization on the basis of Ratio Arsaé (MOORA),
also known as multi criteria or multi attribute optimization. (MOORA) method
seek to rank or select the best alternative from available option was introduced
by Brauers and Zavadskas2@06 [8].

The (MOORA) method has a large range of agpiins to make decisions
in conflicting and difficult area of supply chain environment. MOORA can be
applied in the project selection, process design selection, location selection,
product selection etc. the process of defining the decision goals, callecti
relevant information and selecting the best optimal alternative is known as

decision making process.

The basic idea of the MOORA method is to calculate the overall
performance of each alternative as the difference between the sums of its

normalized pdgormances which belongs to cost and benefit criteria.

This method applied in various fields successfully such as project

managemeno].
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Tablel. Comparison of MOORA with MADM approaches

MADM method Computational Time Simplicity Calgfll;?izr::sgiilre d
MOORA Very less Very simple Minimum
AHP Very high Very critical Maximum
ANP Moderate Moderately critical Moderate
TOPSIS Moderate Moderately critical Moderate
GRA Very high Very critical Maximum

1.3 Neutrosophic Theory

Smarandache firgitroduced neutrosophy as a branch of philosophy which
studies the origin, nature, and scope of neutralities. Neutrosophic set is an
important tool which generalizes the concept of the classical set, fuzzy set,
intervalvalued fuzzy set, intuitionistic fay set, intervalvalued intuitionistic
fuzzy set, paraconsistent set, dial theist set, paradoxist set, and tautological
set[1422]. Smarandache (1998) defined indeterminacy explicitly and stated that
truth, indeterminacy, and falsimembership are indepéant and lies withinp,
1+[. which is the norstandard unit interval and an extension of the standard
interval 10, 1+].

We present some of methodologies that it used in the multi criteria decision
making and presenting the illustration between suppdiercgion, MOORA and
Neutrosophic. Hence the goal of this paper to present the hybrid of the MOORA
(Multi-Objective Optimization on the basis of Ratio Analysis) method with
neutrosophic as a methodology for multi criteria decision making (MCDM).

This is odered as followsSection 2 gives an insight into some basic
definitions on neutrosophic sets and MOORA. Section 3 explains the proposed
methodology of neutrosophic MOORA model. In Section 4 a numerical example
is presented in order to explain the proposedthodology. Finally, the
conclusions.

2 Preliminaries

In this section, the essential definitions involving neutrosophic set, single
valued neutrosophic sets, trapezoidal neutrosophic humbers and operations on
trapezoidal neutrosophic numbers are defined.

36



Neutrosophic Operational Research
Volumelll

2.1 Definition [10]

Let & be a space of points aa#l &. A neutrosophic sdi in G is definite
by a truthmembership functioriY (&), an indeterminacynembership function
"O(®) and a falsitymembership functiofO (&), "Y (&), 'O(&) and™O (&) are real
standard or real nonstandard subsets -6f JL+[. That is "Y (¢):®Y ]-0,
1+[,'0(0):®Y -0, 1+[ and"O (&):®Y 1-0, 1+[. There is no restriction on the sum
of "Y (&), 'O() and™O (¢, s00 TOsup €) + supw+ supwCB+.

2.2 Definition [10, 11]

Let & be a universe of discourse. A single valued neutrosophit eetr
® is an object taking the form= {&) "Y (&), "O(c), "O (), CL¥ &}, where
(@Y [ 0D@IOY [ OandlQ(a):6Y [ O ,with]0 OY (&) + O(e) +
"O(6) fordall o¥ &. The intervalsY (¢), “O(¢) and™O (&) represent the truth
membership degree, the indeterminaogmbership degree and the falsity
membership degree dfto 0, respectively. For convenience, a SVN number is

represented b§= (63 b, c), wherey ) & [0, 1] and+®OHGEB.

2.3 Definition [12]

Suppose that ,—,I f[0,1]and® ,& ,& , O T R wheredd O® O
@ O . Then a single valued trapezoidal neutrosophic nunikfgd , & , ©
,®);] ,—,1 Qs a special neutrosophic set on the real line set R whose truth

membership, indeterminaesnembership and falsitgnembership functions are

defined as:

A — ® W ®

Y@=, | T (.
e | O 0w O
w s £ 0QIQ
Vo W w w
I’y . .

s O 0w W

o=, S ).
> O 0w O
v p €I 0 QI h
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I,P e Al e
e~ 0w 0w
O (0') = [NY o . o (3)
T 0w oW
v op €N 0 Qi Oh
where | , — and! and represent the maximum truttembership degree,

minimum indeterminacynembership degree and minimum falgiyeembership
degree respectively. A single valued trapezoidal neutrosophic nuisbEs ,
®,0,0); ,—,1 Gnay express an illefined quantity of the range, which
is approximately equal to the interval [, @] .

2.4 Definition [11, 10]

LetH(® , 0,0 ,0); ,—,f Gando=go , 0,0 ,0);] ,—

1 Cbe two single valued trapezoidal neutrosophic numbers &nd 0 be any real
number. Then,

1. Addition of two trapezoidal neutrosophic numbers
HO=AD +@, O +O, G+, O+ ;| | ,— — 1 0

2. Subtraction of two trapezoidal neutrosophic numbers
HO=AD -0, 0 -0, -0, -0 ; | ,— —f O
3. Inverse of trapezoidal neutrosophic number
p =(—,—, —,—);| ,—.,] O where (H, 0)
4. Multiplication of trapezoidal neutrosophic number by constant value
o-rwmwmmhm N h—hi c? EA n
dTO MO MO MG N h—F O EA n

5. Division of two trapezoidal neutrosophic numbers

0 —h-h—h-N | h— —i 1O EA mhd n
P o —hh-hn | h— —f 10 EAm mnhd
Yo —h-h—F-n | Fe —h 1O Em mhd m

6. Multiplication of trapezoidal neutrosophic numbers

oOvOMmOmoon | — —A 1 O EA nhd =
= oo momomon | - —f 1 0 EA mhd =
oo mommon | - —f 1 O EAS nhd n
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3 Methodology

In this paper, we present the steps of the proposed model MOORA
Neutrosophic, we definéné criteria based on the opinions of decision makers
(DMs) using neutrosophic trapezoidal numbers to make the judgments on criteria
more accuracy, using a scale from 0 to 1 instead of the se@)dl{at have many
drawbacks illustrated bj13]. We presené new scale from O to 1 to avoid this
drawbacks. We use<{h) judgments to obtain consistent trapezoidal neutrosophic

preference relations instead e——— to decrease the workload and not tired

decision makers. (MOORAMeutrosophic) method is used for ranking and
selecting the alternatives. To do this, we first present the concept of AHP to
determine the weight of each criteria based on opiioihdecision makers
(DMs). Then each alternative is evaluated with other criteria and considering the
effects of relationship among criteria.

The steps of our model can be introduced as:

Step- 1. Constructing model and problem structuting

a. Constitute aroup of decision makers (DMs).

b. Formulate the problem based on the opinions of (DMs).

Step - 2. Making the pairwise comparisons matrix and determining the

weight based on opinions of (DMSs).

a. ldentify the criteria and sub criteria

b. Makingmatri x among criteria n I m based on
# # é #
afg o G R g am o mop
W= am;u ho amgam 2 a ho gn ho 4)
afhd o ah B 8 ol R o

Decision makers (DMs) make pairwise comparisons matrix between

criteria compared to each criterion focuses only(ol) consensus

that make more workload and

judgments instead of using

Difficult.
c. According to, the opinion of (DMs) should be among from 0 to 1 not
negative. Then, we transform neutrosophic matrix to pairwise
comparisons deterministic mai x by adding (U, d, b) a

following equation to calculate the accuracy and score.
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SA)y=—[0 & & Q1 T 44 +) (5)
and
AA)=—[d @ @ Q8 PyLGH +p) (6)
d. We obtain the deterministic matrix by usiSgA ).

e. From the deterministic matrix we obtain the weighting matrix by dividing

each entry on the sum of the column.

Step - 3. Determine the decisiemaking matrix (DMM). The method

begin with define the available alternatives and criteria

# # é #
af P o af R o 8 a b
R= am B al m P 8 afbd B @)
- 8 8 8 8
a b M h a b o 8 a b o o
where! represents t he availabl e alternatives

# represents cefria

a. Decision makers (DMs) make pairwise comparisons matrix between

criteria compared to each criterion focuses only oti)(wonsensus

judgments instead of using that make more workload and

Difficult.

b. According to, the opinion of (DMs)hsuld be among from 0 to 1 not
negative. Then, we transform neutrosophic matrix to pairwise
comparisons deterministic matrix by using equations 5 &6 to calculate
the accuracy and score.

c. We obtain the deterministic matrix by usiSgA ).

Step- 4. Calculate the normalized decisiomaking matrix from previous

matrix (DMM).

a. Thereby, normalization is carried da#]. Where the Euclidean norm is

obtained according to eq. (8) to the critefian

. Om= B O @8)
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The normalization of each entry is undertaken according to eq. (9)
i 00=— (9)

Step- 5. Compute the aggregated weighted neutrosophic decision matrix
(AWNDM) asthe following:

. Y=RI W (10)
Step- 6. Compute the contribution of each alternativedbthe ontribution

of each alternative
. 0 w=B 0 w-B 0 (11)

Step- 7. Rank the alternatives.

Constitute & graup of decision making

|F0

Dedermine the importance of each criteria based om
wpinisn of decivion makers (DALs)

Wedght s
accepted?

Yez

Construct the (ANDAL) maitriz that reprezenting the
ratings between the Criteria and Aleernatives

Calenlare the mormalized decizion-
making mairiz

'.G-q-bﬁ-&-r-bﬁﬂwﬂﬂ
wrighted nemtrozephic decision

Figure 2 Schematic diagram of MOORA with neutrosophic.
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4 Implementation of Neutrosophic ¢ MOORA Technique

In this section, to illustrate theoncept of MOORA with Neutrosophic we
present an exampl&n accumulation ampany dedicated to the production of the
computers machines has to aggregate several components in its production line.
When failure occurred from suppliers (alternatives), a compmaidgred from
another alternative based on the four critérig = 1, 2, 3, and 4), the four criteria
are as followso for Total Cost 6 for Quality, 6 for Service & for Ontime
delivery. The criteria to be considered is the supplier selections are determined
by the DMs from a decisionrgup. The team is broken into four groups,
namelyO 0 ;00 ;00 andO0 , formed to select the most suitable alternatives.
This example is that the selecting the best alternative from five alternatiie.
=1, 2, 3, 4 and 5). Repesting of criteria evaluation:

Cost 0 ) Minimum values are desired.
Quality @ Maximum evaluations.
Service# | AGEIAOGAT QAOQGET 1
On-time delivery § maximum evaluation.

=a =4 —a -8

Step- 1. Constitute a group of decision makers (DMs) ttatsist of four
(DM).

Step- 2. We determine the importance of each criteria based inipopof
decision makers (DMs).
0 0 o 0

™ MMM  ryiaing g @ e g

M my ™ MM i g e

MMM g e ) e nn

™ Mg My g ™ i

Then the last matrix appears consistent according to definition 6. And then
by ensuring consistey of trapezoidal neutrosophic additive reciprocal
preference relations, decisionakers (DMs) should determine the maximum
truthme mber ship degree (U)memmienismim idedeter rid

and minimum falsityme mber shi p degree (b) of singl e
numbers.

o (o] (o] (o}
w
T B gaiene i e e e e e me e e
TEPMEITE ey I b ey _ T e T TSI TE B TS M e ey ey
TOIBE e iy ot s e o ™ i T e eplay s et
8 mMpNR e g e anyimng g e g T
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From previous matrix we can determine the weight of each criteria by using the
following equation of SA )

SsA)y=—[d ® & Q] T (9 +)
and
AAY=—[® & @ Q1 T 1(49 # )

The deterministic matrix can obtain ByA ) equaton in the following step:
0 0 0 0

™ T8 oOTE QAP QO

T POoTE TP Yy T

T PaBYuTd TP X

T ¢ A @ W T U T

From this matrix we aaobtain the weight criteria by dividing each entry by the
sum of each column

o} o} 0 o}
T Y g 0 TR O X X U
T 0 0@ T Y X prep 11X
T 0 a8t Y g8 L VTP Y ¢
T T UP X JBL WU 0 @

Step- 3. Construct the (ANDM) matrix that representing the ratings given
by every DM betweethe Criteria and Alternatives.

0} (0] (0] (0}
Y
TR ey i T T@dpgipst @ X Ipspar
oy TetT i TEX TR T Ty T TR i@ TRipst
o1 T8 TR M TEMEL T e T8 T8 ITep iy T T T 1,
| ieirei hieisipst | e s ki o
Ly T e T8 repiep g TR ) rpisimng U

Then the last matrix appears consistent according to definition 6. And then by
ensuring consistency of trapezoidal neutrosophic additive reciprocal preference
relations, decision makers (DMs) should determine the maximum- truth
membership dgr ee (U), mini-membeémnslkeiepr hkgaey

minimum falsitiyme mber shi p degree (Bb) of single valu
0 0 0 0

-

L, MREemE wiyeignemEie aiepsipse e e maipsipsipheia |,

Lo TBTITSTE Tpme irgndmse tang - gimdmaneinemg eidnadpsie e g

L eimmeieing - wiemsmEnsngng - gy @ idnapnd i n

L nTETRTRI@TeMiS @i psiTe e 1@ e TS aTeiE ) g M s M im

'y mding g dpriede g T8 PP THID M TIPS TR TRTEITE T pIming, TS mednd o
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From previous matrix we can determine thieight of each criteria by using the
following equation of SA )

SA)=—[ ® ® QI T 4(F +)
and
AA)=—[d @& & Q1 T (4 + )

The deterministic matrix can obtain ByA ) equation in the following step:

o) o) o) o)

D T M@ T TG TR )

I T®p ™o ™ ¢ T8 [
Y=l o e Wy ™Y

P g v Mpw mp 18y

Il U T e ™ w sty

Step- 4. Calculate the normalized decisiomaking matrix from previous
matrix.

By this equation=0 = B @ ,

a. Sum ofsquares and their square roots

o) o) o) o)
! TP TR T®C TR ¥
! @ p TR O TR @ TR T
! TR T T @ TBLY TP Y
! IT§ U T W T p TEX
! In&nna%tconiﬁ)wnﬁt)g-
Yo& DO e TR T Y
YRODIEGW® Y M@ T g x 8@ W

b. Objectives divided by their square roots and MOORA

0 0 0 0
'Nn&nnabn @Y T X
P T My Mo m™f
R=! m@x mMn myx 18 u
Py MY T8 0 T Y
l U@ T TM@o M Y
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Step- 5. Compute the aggregated weighted neutrosophic decision matrix
(AWNDM) as the following:

y = R |
Ton oy o ey ™ UUEoTE XX
_.gnnﬁm Umffr TC OTE T YD X P X _
_:n@ﬁm$ﬁ’é T 0 T 0 aBt Y ¢@ L VT PG
U T o ™ T Y T T U® X g8 0 U 0 @
Mo TR T8 W T W
M8 ™y T8y
ST W T O TRV T @
¢ Muv ™ T H
g ¢ p ™) g &

Step- 6. Computethe contribution of each alternatitiewthe contribution
of each alternative

0w=B Ow- B 0w
o o 0 0 ) Rank
' Mo mMn Mo ™o Tu o,
! Mnmn mMow My My Ww Py
! ITg W T W T U T @ T80 P Cr
! ¢ Muv ™M@ TP @ TI ™
!

U ¢ ™p ™Y T 0w T® U Y

Step- 7. Rank the alternatives. The alternasvare ranked according the
min cost for alternative as alternative>! >! >1 >

Mean priority
1,2
1

08
0,6
0,4
0,2

0

Altl Alt2 Alt3 Alt4 Alt5

Figure 3. The MOORANeutrosophic ranking of alternatives.
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5 Conclusion

This research presents a hybrid of the (MOORA) method with
Neutrosophic forsupplier selection. We presented the steps of the method in
seven steps and a numerical case was presented to illustrate it. The proposed
methodology provides a good hybrid technique that can facilitate the selecting of
the best alternative by decision keas. Then neutrosophic provide better
flexibility and the capability of handling subjective information to solve problems
in the decision making. As future work, it would be interesting to apply MOORA
Neutrosophic technique in different areas as thainsidered one of the decision
making for selection of the best alternativesr example, project selection,
production selection, etclhe case study we presented is an example about
selecting the alternative that the decision makers (DMs) specify tedaiand
how select the best alternatives.
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Abstract

This paper deals with the application of Neutrosophic Crisp sets
(which is a generalization of Crisp sets) on the classical probability,
from the consuction of the Neutrosophic sample space to the
Neutrosophic crisp events reaching the definition of Neutrosophic
classical probability for these events. Then we offer some of the
properties of this probability, in addition to some important theories
relaed to it. We also come into the definition of conditional
probability and Bayes theory according to the Neutrosophic Crisp
sets, and eventually offer some important illustrative examples. This
is the link between the concept of Neutrosophic for classicats

and the neutrosophic concept of fuzzy events. These concepts can
be applied in computer translators and decisiwaking theory.

Keywords

Neutrosophic logic; fuzzy logic;classical logi¢c classical
probability, Neutrosophic Crisp sets

1 Introduction

The Neutrosophic logic is netlassical and new logic founded by the
philosopher and mathematical American Florentin Smarandache in 1999. In [6]
Salama introduced the concept of neutrosophic crisp set Theory, to represent any
event by a triple crisp strture. Moreover the work of Salama et al.-1[q]
formed a starting point to construct new branches of neutrosophic mathematics
and computer sci. Hence, Neutrosophic set theory turned out to be a
generalization of both the classical and fuzzy counterpaiten he presented it
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as a generalization of the Fuzzy logic, and an extension of the Fuzzy Sets Theory
[9] presented by Zadeh in 1965 Played an important role in expanding our
scientific and practical approach and reducing the degree of randomizati¢a in da
that helps us reach highsolution results. An extension of that logic was
introduced by A.A. Salama, the Neutrosoptrisp setheory as a generalization

of classical set theorgnd Neutrosophitogic is a new branch that studies the
origin, nature and field of indeterminacy, as well as the interaction of all the
different spectra imaginable in a case. This logic takes into account each idea
with its antithesis with the indeterminacy spectrum. The main idea of
Neutrosophic logic is to distinguishvery logical statement in three
dimensions[3.10] are truth in degrees (T) , false in degrees (F) and indeterminacy
in degrees (I) we express it in form (T, I, F) and puts them under the field of
study, which gives a more accurate description of the afatiae phenomenon
studied, as this reduces the degree of randomization in the data, which will reach
high-resolution results contribute to the adoption of the most appropriate
decisions among decision makers. The Neutrosophyis a word composed of two
sectilms :Neutro (in French Neutre, in LatinNeuter ) meaning Neutral, and
Sophylt is a Greek word meaning wisdom and then the meaning ofthe word in
its entirety (knowledge of neutral thought). We note that classical logic studies
the situation with its oppositwithout acknowledging the state of indeterminacy,
which is an explicit quantity in the logic of Neutrosophic and one of its
components, which gives a more accurate description of the study and thus obtain
more correct results:In this paper we preseatstudy of the application of the
Neutrosophic logic to the classical possibilitideom the occurrence of the
experiment to the creation of probability and then to study its properties.

2 Terminologies

2.1 Neutrosophic Random Experiments

We know the importance of experiments in the fields of science and
engineering. Experimentation useful in use, assuming that experiments under
close conditions will yield equal results.

In these circumstances, we will be able to determine the values of variables
that affect the results of the experiment. In any case, in some experiments, we
cannot @termine the values of some variables and therefore the results will
change from experiment to other.

However, most of the conditions remain as it is. These experiments are
described as randomized triaM/hen we get an undetermined result in the
experimat (indeterminacy) and we take and acknowledge this result, we have a
neutrosophic experience.
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2.2 Example

When throwing the dice, the result we will get from the experiment is one of
the following results: {1, 2, 3, 4, 5, 6, i} Where i represents an ardéhacy
result. We call this experience a Neutrosophic randomized experiment.

2.3 Sample Spaces and Events due to Neutrosophic

Group X consists of all possible results of a randomized experiment called the
sample space. When these results include thdt refsthe indeterminacy, we
obtain the Neutrosophic sample space.

2.4 Neutrosophic events

The event: Is a subset A of the sample space X, that is, a set of possible outcomes.
The Neutrosophic set of the sample space formed by all the different assemblies
(which may or may not include indeterminacy) of the possible results these
assemblies are called Neutrosophic. Salama and Hanafy et all4J12
introduced laws to calculate correlation coefficients and study regression lines
for the new type of data newconcept of probability has been introduced for

this kind of events. It is a generalization of the old events and the theory of the
ancient possibilities. This is the link between the concept of Neutrosophic for
classical events and the neutrosophic conoéfiizzy events. These concepts can

be applied in computer translators and decisioaking theory.

2.5 The concept of Neutrosophic probability

We know that probability is a measure of the possibility of a particular event,
and Smarandache presented thatrosophic experimental probability, which is
a generalization of the classical experimental probability as follows [2, 4]:

£ 0 4 GO QA VEELOD G ALl 6l 6 QD QEDE QQO QI & BB HIB OB VIS 'QEBE RIEHO OO |
0 ¢ GG QBT Qd A I 0 ¢ DG QBT QAT 0 ¢ Gt WD Qwa i

:::::

If we had the neutrosophic evetit, 6 B [ we define the neutrosophic
probability (Which is marked with the symkidP) for this event as follows:
000 VO MO Mo "YA@TO , with:
0 represents the probability of event A
O represents thprobability of Q¢ Q'Q06 Qi & Q& G w
0 represents the probability that event A will not occur
According to the definition of classical probabillytd i) N i
We therefore define the neutrosophic probability [2] in the form
0 0gw© Tip , where X is a neutrosophic sample space
The micraspace of the total group, which has a neutrosophic probability
for each of its partial groups, calls it a neutrosophic classical probability space.

Ca Ca C
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In [7, 13] the neutrosophic logi@an distinguish between the absolutely sure event
(the sure event in all possible worlds and its probabilistic value is 1+) and the
relative sure event (the sure event in at least one world and not in all worlds its
probability is 1) wherg p . Similarly, we distinguish between the absolutely
impossible event (the impossible event in all possible worlds its probabilistic
value is-0) and the relative impossible event (the impossible event in at least one
world and not in all worlds its probabilistic valige0) where-0 <0.
n m R p Rwhere U is a very small positiywv
So, define component h) & on the norstandard domain@ , 1+ [.
Ford6 O I M neutrosophic classical event Then it is:
m 096 00 06 o
Ford6 © M M neutrosophic crisp event of the first type Then :
m 00 0 0 00 q

The probability of neutrosophic crisp event of the second type is a

neutrosophic crisp event then :
m 00 00 00 q

The probability of neutrosophic crisp event of the third type is a

neutrosophic crisp event then:
m 06 06 0 6 o ééé. . [12]

2.6 The Axioms of Neutrosophic probability

For6 © M M neutrosophic crisp event on the X then :

00O 06 Md MHd
where:
00 m, 00 m ,00 T
The probabilityof neutrosophic crisp eveiit & B
000 06 M6 Mo
Where:
m 06 p, T 0O p , T 0O P
Ford FH B @nconsistent neutrosophic crisp events then :
0! 1 ° 88 0! 0!
E8S8®8hOE- -3 hb! “ ! “ 8

3 Some important theor ems on the neutrosophic crisp
probability

Theorem 1

If we have A, B two neutrosophic crisp events ané 6 then:
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The first type:
. 0! . 0" & 0! 0" h 0! 0" h
0! 0"
Thesecond type:
. 0! . 0" & 0! 0" h 0! 0" h
0! 0"
Theorem 2

Probability of the neutrosophic impossible event (symbolized by
form0 0 ) we define it as four types:

The first type:
O0n On P i T

The second type:

60n Or N ® TiTip
The third type:

60n Or O Tipht
The fourth type:

00D 00 O O Tipip

Theorem 3

Probability of the neutrosophic ekall crisp event (symbolized by form
0 0 & ) we define it as four types:

The first type:
00 ® OO MOMO pipip  p

The second type:

606  boMamr  piph
The third type:

00 ® O MmN M~ phrr
The fourth type:

00 ® OO MM O pirip

Theorem 4

If 0 represents the complement of the event A, then the probability of this
event is given according to the following may be three types:
Wher 6 I A R
The first type:
000 0! ! !
p N6 M noé fp Qo
The second type:
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00O vo Mo ho
The third type:
006 006 M! MWHo

Theorem 5

For A, B two neutrosophic crisp events
6 oMM
6 o6
Then the probability of the intersection of these two events is given in the
form:

000, O 06, 6 Md, 6 Md “ 6
or
006 6 06, 6 Mo 6 Md 6
In general if we have the neutrosophic crisp events A, B, C then
006, 6. 6 06, 6.6 W6, 6.6 Md 6 6
Or
006 6, 6 06 . 6.6 Wd 6 6 W6 06
We can generalize on n of the neutrosophic crisp events

Theorem 6

Under the same assumptsoim theory (35) the uniorof these two
neutrosophic crisp events will H¢28]

0006° 6 VO 6 WO 6 MO, 6 Or

0006 6 0" 6 o, o6 0,6

<

c
24

Theorem 7

If we havea neutrosophic crisp event that is about

0 0° 0 8888090
The neutrosophic crisp everitsi 8 8 A are In consistent then
neutrosophic crisp event A we write it in the form

6 O6Hh A
O MM * 6 M 88
0 MW
Therefore
000 006 006 ES8 000
Theorem 8

If we have A neutrosophic crisp event andt is an complement event on
the whole set X then:

1° 0 ® Therefore
0006 000

’ pipip

s
C-
1O

=]
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4 Neutrosophic Crisp Conditional Probability

If we have A, B two neutrosophic crisp events

6 o6 6 oMM
Then the neutrosophic conditional probakilg defined to occur A if B
occurs in the form

000D 00 M Qt QQ0 Do D
IF:0 6 —— D Q¢ Q0 *H——
From it we conclude that
000 006D
- The conditional probability of complement the neutrosophic evers
conditioned by the occurrence of the event B.
We distinguish it from the following types

The first type:
0

e 6.6 0DO6. 6 DO, 6
00O D — h—— h——
O 0O 0O
The second type:
v e, 6 WHLO6,06 DLO, O
OLO D — h—— ——r
0O 0O 0o
- The rule of multiplication in neutrosophic crisp conditional pralitsb
006, 6

00 &6 MO &6 MO 6D
5 Independent Neutrosophic Events

We say of the neutrosophic events that they are independent if the
occurrence of either does notfedt the occurrence of the other.Then the
neutrosophic conditional probability of the crisp event A condition of occurrence
B is it neutrosophic crisp probability of A. We can verify independence of A, B
if one of the following conditions is check

000D 006,006 G066 ,0006 6 0006 & 06

(We can easily validate the above conditions based on classical conditional
probability)

Equally:

If the two neutrosophic crisp events A, B are independent then:

I Independent of B
A Independent of"
I Independent of"
(Pronounced from the definition afcomplementary event in Theored)s
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6 The law of total probability and Bayes theorem via
Neutrosophic crisp sets

6.1 The law of Neutrosophiccrisp total probabil ity

(1) We have a sample space consisting of then neutrosophic crisp
comprehensive evenis i 8 &h
o°“! 88! 8
6 MM * 6mMM 888 O M M 8
(2) The neutrosophic comprehensive events are inconsistent two at a
time among them:
rol nl
(3) The neutrosophic crisp event B represents a common feature in all
joint neutrosophic crisp events , note the following figure(1):

Figure (1)

S

We take the neutrosophic crisp probability for these events:
OV0d h 0! Msh 0!
From the grabic, we note that:

606 006 " o0 " E8 (06 "
From the definition of neutrosophic crisp conditional probability:
O0", 6 VO "6 Mo &&". 6 W6 O"6

Therefore:
006 006 & 0O 006 & 0O
8B OOOD & 0O
Which isequal to

Ao oo Mo @66 Mo &6 o
Ao D60 Mo &éod Mo &6 o
ES8&8 no €606 Mo &0606 mo &6 .6

6.2 Bayes theorem by Neutrosophic:

Taking advantage of the previous figure (1):
Neutrosophic total probability iff Probability of occurrence a common
feature B.
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Bayes theorem iff provided that the neutrosophic crisp event occur
B,What is the probability of being fromo (Item selected from B, Whais the
probability of being from 6 )

Under the sameassumptions that we have set in the definition of the
law of neutrosophic crisp total probability, we reach the Bayes Law as
follows:

6.3 Examples

Let us have the experience of throwing a dice stone and thus we have
the neutrosophic sample spacas. X={1, 2, 3, 4, 5, 6, i)where i represents
the probability of getting indeterminacy.

We have the possibility of getting inéterminacy= 0.10

Then to calculate the following possibilities:

1- 6 0p ® Frep rfve—2—
T L I T v 00 ¢ E8 000
2-060p 0 clofiv hm® mhd p

=( 5 (0.15), 0.10, 0.15 )= ( 0.75, 0.10 ,0.15)
300peic nNp nNc h nm ot
¢ T v T T v ™ Tth nth
But when we have B={2,3,4,5} , A={1,2,3} then:
0006£106 06 06 06, 6 hPpDd GeEQO
OTUL TTHUL ¢CTULVh T D thip G& Bphp
X e i) ¢ T v T v
4- 4 0 pltlo 0 pltio e 0 plgio
Ap N¢ NHo MMt Auv No
U UL T LVh TP UL UL T U
@ vl mrdt v
I. Assuming we have a jar containing:
5 cards have a symbol A, 3cards have a symbol B
2 cards are not specified The symbol is erased on them)
If A represents is getting the card A from the jar
B represents is getting the card B from the ja
Then
606 —F-F , 006 —hhe
If card Bis withdrawn from the jar then it will be:
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00 6.6 ————h 00t QQo®d 006,06

e f
W W

o E£I1Nn
glc

If card A is withdrawn from the jar then it will be:
The same way we geth 06 0 - R
Thus, Bayes theory according to neutrosophic be as

000,06 06,6 Q& QQO M 6,06

Let us have the X set X={a jo ,d } and
A= ({a,b}, {c}, {d})
B= ({a}, {c}, {d.b})
Two neutrosophic events from the first type on X anave have:
Y AARAA hAA
Y AR AR A
Two neutrosophic events from the third type on X then:
The first type :
0, 0 & h oh O
006, 6 ™ uing Jm® Tt
The second type:
0, 0 whoh'oho
006, 6 ™ uig @ Tt
The first type :
b 6 dohohQ
V06" 6 ™ g JTe v
The second type:
6 6 choh ®hQ
O006° 6 ™ g JTg v
The first type :
b aiQ h ¢hdfiQ h ¢foito
006 ™ T T v
The second type:
o Qhohdho
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606 ] T} Urd T
The third type:
6 QR R G
606 T T UT® U
The first type :
6 Ghadi0 h GhdfiQ h ¢ho
606 T U n
The second type
6 dohdh o
The third type:
6 ahQ h i A 6o
606 ™ g UTE v
The first type
Y5 hofmoh dioh'Q
6GO°Y 5 X T g u
The second type
Y5 GEOR GRO
GO°Y 5 ) TR o] v
The first type
Y, 5 @i h ohdia
50°Y, 5 ™ TR v T
The second type
Y 5 G R GHO A ¢fio
507Y, 5 ™ T T T
The first type:
Yo QR e R D
007y ™ e 1 T
The second type:
Y QR G R G
007y ™ T @ 1
The third type
Y ¢fQ h ¢ h ¢HiQ
607 @ e e
The first type:
Y QhdoiQ h dhiho
607 & U UTE v
The second type:
Y Q h ¢ h ¢hdfo
9-00°Y TR UT® U v

The third type

59



Editors:Prof. Florentin Smarandache
Dr. MohamedAbdelBasset
Dr. Victor Chang

Y Q h ¢hdhiQ h Ghifo
007y g T T v

006 (0.50,0.25,0.25)
60 "  (0.25,0.25, 0.50)
00" (0.50,0.50,0.50)
007 (0.75,0.25,0.25)
007y (0.50,0.50,0.50)
007y (0.25,0.75,0.75)
10- 6, 6 ARBA h ARARA h ARA
006 6 T vl BT Tt
11-606 . 006 o h ¢fefiQ h afodo
™ T T v
0006 006 ahio h Ghafio h e
o oo b e
12-626 oo h iy h ddo h 'ORQ h 'Ohd
VuVu0oZ20 iﬁﬂﬁc_
... ROPOPP D
626 ofto h ¢hd R ddoh 'ORQ h afin
60626  — R R
. P OpPOLC
0z7Y oo h ¢fo h chd hado h dhoh diQ h Oy h ' ORO
60627  —h-h-
5125
AAhAA hAMRhAPA R APA hARA h AARARR h ARA h ARA
P RS RS
op 9p @
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Abstract

In this research, the main objectivare to study the Analytic
Network Process (ANP) technique in neutrosomrvironment, to
develop a new method for formulating the problem of Maliteria
DecisionMaking (MCDM) in network structure, and to present a
way of checking and calculating consistency consensus degree of
decision makers. We have used neutrosophitheery in ANP to
overcome the situation when the decision makers might have
restricted knowledge or different opinions, and to specify
deterministic valuation values to comparison judgments. We
formulated each pairwise comparison judgment as a trapézoida
neutrosophic number. The decision makers specify the weight
criteria in the problem and compare between each criteria the effect
of each criteria against other criteria. dacisionmaking process,

each decision maker should make——— relations for n

alternatives to obtain a consistent trapezoidal neutrosophic
preference relation. In this research, decision makers use judgments
to enhance the performance of ANP. We introduced a real life
example: how to select personedrs according to opinions of
decision makers. Through solution of a numerical example, we
formulate an ANP problem in neutrosophic environment.

Keywords

Analytic Network Process, Neutrosophic Set, Mdltiteria
Decision Analysis (MCDM).
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1 Introduction

The Analytic Network Process (ANP) is a new theory that extends the
Analytic Hierarchy Process (AHP) to cases of dependency and feedback, and
generalizes the supermatrix approach introduced by Saaty (1980) for the AHP
[1]. This research focuses on ANP methadhich is a generalization of AHP.
Analytical Hierarchy Process (AHP) [2] is a mudtiteria decision making
method where, given the criteria and alternative solutions of a specific model, a
graph structure is created, and the decision maker is asgaittaisely compare
the components, in order to determine their priorities. On the other hand, ANP
supports feedback and interaction by having inner and outer dependencies among
the model sé components [2]. We deal with t|
alternatives and the critical factors that change the decision. ANP is considered
one of the most adequate technique for dealing with multi crite@sion
makingusing network hierarchy [19]. We present a comparison of ANP vs. AHP
in Table * how eachtechnique deals with a problem, the results of each
technique, advantages and disadvantages.

Tablel.Comparison of ANP vs. AHP.

ANP AHP
Property (Analytic Network (Analytic Hierarch
Process) Process)

P

Structure l

Network Hierarchy

=1
1
1
(ermive])
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The user learns throug
feedback comparisons th

The wer going top dow
makes comparisons, wh

Why are the | his/her priority for cost is ng asked, without referring t
results nearly as high as originalll actual alternatives, an
different? thought when asked tH overestimates the impo|
question abstractly, whilj tance of cost.
prestige gets more weight.
a) Using feedback and a) Straightfowvard and
interdependence convenient.
Advantages between criteria. b) Simplicity by using

b) Deal with complex
problem without
structure.

pairwise comparisons

Disadvantages

a) Conflict between
decision makers.

b) Inconsistencies.

c) Hole of large scale 1
to 9.

d) Large comparisons
matrix.

a) Deci si on n
capacity.

b) Inconsistencies.

c) Hole of large scale 1
to 9

d) Large comparisons
matrix.

Analytic network process (ANP) consists of criteria and alternatives by
decomposing them into sydyoblems, specifying the weight of each criterion and

comparing each criterion against other criterion, in a range betweahl e

employ ANP in decision problems, and we make pairwise comparison matrices
between alternatives and criteria. In any traditional methods, decision makers

face a difficult problem to make—— consistent judgments for each

alternative.

In this article, we deal with this problem by making decision maker using
(n-1) judgments. The analysis of ANP requires applying a scale system for
pairwise comparisons matrix, and this scale plays an important role in

transforming qualitative analysis toantitative analysis [4].

Most of previous researchers use the scéleoflanalytic network process

and hierarchy. In this research, we introduced a new scale from 0 to 1, instead of

the scale 9. This scale -D creates large hole between ranking resaltsl we

overcome this drawback by using the scale [0, 1] [5], determined by some serious

mat hemat i

cal

shortages

of Saatyébs

1 Large hole between ranking results and human judgments;
9 Conflicting between ruling matrix and human intellect.
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The neutrosophic set is a generalization of the intuitionistic fuzzy set.
While fuzzy sets use true and false for express relationship, neutrosophic sets use
true membership, false membership and indeterminacy membership [6]. ANP
employs network structure, depdence and feedback [7]. MCDM is a formal and
structured decision making methodology for dealing with complex problems [8].
ANP was also integrated as a SWOT methodAf8]overview of integrated ANP
with intuitionistic fuzzy can be found in Rouyendedt)][

Our research is organized as it follows: Section 2 gives an insight towards
some basic definitions of neutrosophic sets and ANP. Section 3 explains the
proposed methodology of neutrosophic ANP group decision making model.
Section 4 introduces a numeal example

2 Preliminaries

In this section, we give definitions involving neutrosophic set, single
valued neutrosophic sets, trapezoidal neutrosophic numbers, and operations on

trapezoidal neutrosophic numbers.

2.1 Definition [26-27]

Let & be a spacef points andiy &. A neutrosophic sei in @is defined
by a truthmembership functioriY (&), an indeterminacynembership function
‘O(®) and a falsitymembership functiofO (&), "Y (&), 'O(&) and™O (&) are real
standard or real nonstandard subsets -0f JL+[. That is "Y (&):®Y ]-0,
1+[,O(@): QY -0, 1+[ and"O (&):&Y ]-0, 1+[. There is no restriction on the sum
of "Y (6, 'O(¢) and"O (¢), s00 TOsup €) + supw+ supwCB+.

2.2 Definition [13, 14, 26

Let & be a universe of discourse. A single valued neutrosophit eetr
@ is an object taking the for= {& "Y (&), 'O(1), "O(c), Gty &3}, where
V(@Y [ 0D@IY [1Pand O (a):&Y [ 0 ,with]0 OY (&) + O(x) +
"O(6) fordall ¥ &. The intervalsY (¢), “O(c) and™O (&) represent the truth
membership degree, the indeterminaoymbership degree and the falsity
membersip degree ofoto 0, respectively. For convenience, a SVN number is

represented b§= (3 b, c), wheregy &y & [0, 1] andd+coraEB.
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2.3 Definition [14, 15, 16]
Suppos¢ ,—,I f[0,1]and® ,® ,® ,® 7 R, wheredd O® O®
O® . Then, a single valued trapezoidal neutrosophic numcHs& , & , & ,
D)l ,—,1 Os a special neutrosophic set on the real line set R, whose truth

membershipindeterminacymembership and falsitgnembership functions are
defined as:

. O 0w

e (F — [ )

v@=, : (1)
e | —_ 0w O
w T I 0TI Q
. N w0 ®

o(® =, o (2)
e, T W (V] (V]
r op ¢ ®Di 0 Qi Oh
—— [ I )

O(Q) - e o, N o (3)
e w w w
v op ¢ i 0 Qi Oh

where | , — andl represent the maximum truthembership degree, the

minimum indeterminacynembership degree and the minimum falsity
membership degree, respectively. A single valued trapezoidatosephic
numbercEi(® ,® , O ,®);| ,—, Omay express an ilefined quantity

of the range, which is approximately equal to the interal [0 ] .
2.4 Definition [15, 14]

LetcH(®D , 0,0 ,0); ,—.1 Gando=gd , 0,0 , )| ,—

I Cbe two single valued trapezoidal neutrosophic numberss bnd 0 be any real
number. Then:

- Addition of two trapezoidl neutrosophic numbers:
Ho=00 +d,6 +d,0 +o,d +& ;| ,— —1 10
- Subtraction of two trapezoidal neutrosophic numbers:

HO=00 -6, 0 -60,0-0,0-0;1 | ,— —1 10O
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- Inverse of trapezoidal neutrosophic number:
p =0-,-, —,-);1 ,—,1 O where (| 0)

- Multiplication of trapezoidal neutrosophic number by constant value:

agpg OTOMO MO MO N Ff O Em
616 iy iy Fiy N F—fi O EA T

- Division of two trapezoidal neutrosophic numbers:

0 —h-h—h-n | — —h 1+ O EA nhd =
P= 6 —hh-hnN | h— —H 1O EMm mhd
6 —R-h—Fh-nN | F— —h [ O EA mhd

w

Multiplication of trapezoidal neutrosophic numbers:

—f 10 Em nhd =
—h 1 O EH mnhd n
—f 1O EMm nhd

B 000 Re o Rkman |

TTT

3 Methodology

In this study, we present the stegfsthe proposed model, we identify
criteria, evaluate them, and decision makers also evaluate their judgments using
neutrosophic trapezoidal numbers.

In previous articles, we noticed that the scal®)has many drawbacks
illustrated by [5]. We presert new scale from 0 to 1 to avoid this drawbacks.
We use (Al) judgments to obtain consistent trapezoidal neutrosophic preference

relations instead of———, in order to decrease the workload. ANP is used for

ranking and selecting the alternatives.
The model of ANP in neutrosophic environment quantifies four criteria to
combine them for decision making into one global variable. To do thisyste f

present the concept of ANP and determine the weight of each criterion based on
opinions of decision makers.

Then, each alternative is evaluated with other criteria, considering the
effects of relationships among criteria. The ANP technique is cordpddeur
steps in the traditional way [17].

The steps of our ANP neutrosophic model can be introduced as:
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Step- 1 constructing the model and problem structuring:
1. Selection of decision makers (DMs).

Form the problem in a network; the first level regents the goal and the
second level represents criteria and -sriteria and interdependence and
feedback between criteria, and the third level represents the alternatives. An
example of a network structure:

Figure 1. ANP model.

Another example of agtwork ANP structurgl7]:

Wzl

Wl

1

Fig. 2. A Network Structure.

2. Prepare the consensus degree as it follows:
CD=—1I 100%, where NE is the number of

have the same opinion and N is the total numbers of experts.

Consensus degree should be greater than 6% [
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Step- 2 Pairwise comparison matrices to determine weighting

Identifythe alte nati ves of a problem A = {[Al,

2. Identify the criteria and subtriteria, and the interdependency
between them:
c = {C1, C2, C3, €&, Cm}.

3. Determine the weighting matrix of criteria that is defined by decision
makers (DMs) for each criterion (Y

4. Determinethe relationship interdependencies among the criteria and
the weights, the effect of each criterion against another in the range
from O to 1.

5. Determine the interdependency matrix from multiplication of
weighting matrix in step 3 and interdewency matrix in step 4.

6. Decision makers make pairwise comparisons matrix between

alternatives compared to each criterion, and focus only eb (n

consensus judgments instead of using—— [16].

a D af R 8 ah B D
.Y_(‘xﬁi R ah B 8 ah
- 8 8 8 8

a b D ah B o 8 a o B

To make the comparisons matrix accepted, we should check the
consistency of the matrix.
Definition 5 The consitency of a trapezoidal neutrosophic reciprocal

preference relation¥=0(A) n T n can be expressed as:
iA=i1A+iAi(0.5, 0.5, 0.5, 0.5) where i, |

written asd =& +d& i (0.5, 0.5 05,05 =& +d&a i (0.5 05,0.5

05,4 =4 +a -(05,0505,05p =a +a 1i(05,0.5,0.5,

0.5) , where i, iA=1ik{Abdel-Basset220%/[16]}. and f or
Definition 6 In order to check whether a trapezoidal neutrosophic

reciprocal preference relatioviis additive approximation consistency or not

[16)].
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iA:L (5)
P ©)
6 -4 = o (7)

We transform the neutrosophic matrix to pairwise comparison
deterministic matrix by adding (U, d,

cdculate the accuracy and score

SA)=—[d & @®@ Q] T 1(-2 -+) (8)
and
AA)=—[d & & Q] T 4(-2 +r) 9)

We obtain he deterministic matrix by usirg (A ).
From the deterministic matrix, we obtain the weighting matrix by dividing

each entry by the sum of the column.

Step- 3 Formulation of supermatrix
The supermatrix concept is similar to the Markov chaotess [18].

1. Determinescale and weighting data for the n alternatives against n
criteriax ,x ,x 8
2. Determine the interdependence weighting matrix of criteria

comparing it against another criteria in range from O to 1, defined as:

# # # #
T op 8 8 8
) 8 8 8 38
w = 8 8 8 8 (20)
8 8 8 m p
3. We obtain the weighting criterieo =@ T @ .
4. Determine the riterdependence matrixd among the
alternatives with respect to each criterion.
5
I S a o B 8 a b B
a b TR rd M 8 a o R
8 8 TR TR 8
a B R R a b o B 8 TR e e Fred
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Step- 4 Selection of the best alternatives
1. Determne the priorities matrix of the alternatives with respect to each

of the n criteriaw  wheren is the number of criteria.

Thenw = | ®
W =W [
W =W [
W = [

Thenw =[w hd ho Mo ]
2. In the last we rank the priorities of criteria and obtain the best
alternatives by multiplication fothe @  matrix by the Weighting

criteria matrixw , i.e.

w T o

iy o L - i s 8 it il s
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Figure 3. Schematic diagram of ANP with neutrosophic.

4 Numerical Example

In this section, we present an example to illustrate the ANP in neutrosophic
environment- selecting the best personal car from four alternatives: Crossover is
alternative Al, Sedan is alternative A2, Diesel is alternative A3, Nissan is
alternative A4. We have four criteria (j = 1, 2, 3, and 4), as follows: for
price, 6 for speed® for color,0 for model.The criteria to be considered is

the supplier selections, which are determined by the DMs from a decision group.

The team is split into four groups, naméy) , 00 , 00 andOU , formed to

select the most suitable alternatives.

selection are determined by the DMs

Selection of
personniel car

Figure 4. Network structure of the illustrative example.
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In this example, we sk to illustrate the improvement and efficiency of
ANP, the interdependency among criteria and feedback, and how a new scale
from O to 1 improves and facilitates the solution and the ranking of the

alternatives.

Step- 1: In order to compare the criterithe decision makers assume that there
is no interdependency among criteria. This data reflects relative weighting
without considering interdependency among criteria. The weighting matrix of
criteria that is defined by decision makereyis= (P, S, CM) = (0.33, 0.40, 0.22,
0.05).

Step- 2: Assuming that there is no interdependency among the four alternatives,
(6 0,06,0), they are compared against each criterion. Decision makers
determine the relationships between each critegimh alternativeestablishing
the neutrosophic decision matrix between four alternativels®( ,6 ,6 ) and

four criteria  hd ,6 , 06 ):

0 0 0 o
SRS raivamsie X TSy T s my
y=  TOMOMEmY T Mo @ s e e

WM @hgmedngy mitmdng ] rdmHpng

8 g mheMng ™k e e
The last matrix appears consistent to dééin 6 (5, 6, 7). Then, by ensuring
consistency ofrapezoidal neutrosophic additive reciprocal preference relations,
decision makers (DMs) should determine the maximum-meimbership degree
(0), mi ni mum-mé mbetehmpnaeygree (4d), and mi
member ship degr ee (odophic oumbessjasigdefnition&! ued neut

(c). Therefore:

=
T T B @IS e T TIPS it 1) i ma e Yms et Tl e 1718 e
TEITBITE MK @ MBI 78 MSITDTBI TG D I MBI V@ MDY et e e e ey
TR M Mme MMy I MM Mdmds  ims g mpms P 1) e ngprauma rsfngy
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SA)=—[0 ® & Q] T 4(-2 -r)
And
AA)=—[d & & Q] T 4(-2 +f)

The deterministic matrix can be obtained ®yA ) equation in tk following
step:

(0] (0] (0] (0]

T G (T O T8 @ @ QO
y= T®paR oy Yy

T p a8t Y U @ OTIH X

TH C A @ D U X Y

Scale and weighting data ftour alternatives against four criteria is derived by
dividing each element by the sum of each coluffre comparison matrix of four
alternatives and four criteria is the following:

0 0 0 0

TR UV O p wd @ T @ Y
TR T M ¢ W& @ QT
TR T P p Pig ¢ X1 X Y
T 0 0T [ g ©p

Step - 3: Decision makers take into codsration the interdependency
among criteria. When one alternative is selected, more than one criterion should
be considered. Therefore, the impact of all the criteria needs to be examined by
using pairwise comparisons. feysetdadci si on mak
weightings have been obtained. The data that the decision makers prepare for the
relationships between criteria reflect the relative impact degree of the four criteria
with respect to each of four criteria. We make a graph to show the mskito
between the interdependency among four criteria, and the mutual effect.

Figure 5. Interdependence among the criteria.
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The interdependency weighting matrix of criteria is defined as:

6 O 6 0
p ™ T8 s
L. MR T W
T T T
T T T T
p ™ T8 s ™o Toy
X = x | % - T[EB’T@TT[&T[:T[&CH
T T T T® G T8I0 X
m m ) L) v T8ITmU
Thus, it is derived that = (6 ,6 ,06 ,0 ) =(0.738, 0.220, 0.037, 0.005).

Step - 4: The interdependency among alternatives with respect to each
criterion is calculated by respect of consistency rttad the decision makers
determined. In order to satisfy the criteriadl)( which alternative contributes
more to the action of alternative 1 against criteria 1 and how much more? We
defined the project interdependency weighting matrix for criterias:

a. First criteria § )
DMs compare criteria with other criteria, and determine the weighting of every
criteria:

o o o 0

™ MmMe g ms e ® @

5 = ® ™ Mg m&msm@ w
- ® ® ™ Mmdme 18 g i
® ® ) T MR

where y indicates preference values that are not determined by decision makers.
Then, we can calculate these values and make them consistent with their
judgments.Let us complete the previous matrix according to definition 5 as
follows:

2 =0 +0 - MMM = h P

=1-2 =1- mh P = ™IXPdipd

=0 +0 - ™ MM = r8ing psipsd

=1-2 =11 hemMdm® =(0.5,0.6,0.8,0.7)

=0 +0 - MMM = m@h TP

=0 +0 - MMM = mHh P

=1-2 =11 mph @hgpst =(1.0,0.8,1.3,1.1)

=1-2 =17 1mh mefmdipg =(0.2,05,1.2,1.1)

=1-2 =17 gh®mamg =(0.3,0.6,0.7,0.8)

N D N N N NN DNDN
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The comparison matrix will be as follows:

s

s

s

s

™ MMM rehng Mg s T®h TIPSR THh TS PP
5 -  TOMMNY W  whiemEm eh kg

R pdipd  TBITE peipd @ e T, FTima e

pstTRfpdfpd g IwpgHpd TS Frphre ey ™ I e

According to definition 6, one can see that this relation isanttapezoidal
neutrosophic additive reciprocal preference relation. By using Eq. 5, Eq. 6 and
Eq. 7 in definition 6, we obtain the following:

s

s

5

s

™ MMM mreme rphdng  PIreins pa
5 = TPTTE ™M hRerg e fips
& T ipsipst  TBiTE fpgipst 1B hWhWM® 1§ frsine ey
patT@fpstpst  TRhWipstpst WIS 1@ e

We check if the matrix is consistent amtiog to definition 6. By ensuring
consistency of trapezoidal neutrosophic additive reciprocal preference relations,
decision makers (DMs) should determine the maximum-maimbership degree

(0), t he mi ni mmembienr dsenti epr md encarcemeum ( d) and t|
falsityyme mber ship degree (b) of single valued
definition 6.
[0} o] (0] [0}
s} =
BB eiefEeny e i ki i pai i i

TEITETEUTE X e | OB e TR TS TG TS e T T ipsu e e ita

T& (X IpSUpSTTEHTE T 18T [pStpSU T TepIved T TS T i e e T e

pafTRpSTpSNT@TE e & @psipsN@Meie e raedms e @ s

We make sure the matrix is deterministic, or we transform the previous matrix to
be a deterministic pairwise comparison matrix, to calculate the weight of each
criterion using equation (8, 9) irefinition 6.

The deterministic matrix can be obtained $yA ) equation in the following

step:
™ TP XU TP X W C
p = ™WCUL ™ TG TR U
TMUuUoT® QU T® e
MY T™MUT T Yu ™™
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We present the weight @fach alternatives according to each criteria from the
deterministic matrix easily by dividing each entry by the sum of the column; we
obtain the following matrix as:

T THOoL T QUL T YUY
5 = TR YO TP TEPT
T8 XOTH 0y T8 @ T X P
T8 C WM XT T8 ¢C T8 CX

b. Second criteriad )
DMs compare criteria with other criteria, and determine the weighting of every

criteria:
0 0 0 0
™ Mmme  ehirems i 0 ®
. ® ™ i 7@ e g mdo w
o = o @ ™ frdfeie  m e
® » ) T® MMM

where y indicates preference values that are not determined by decision makers,
then we can calculate these values and make them consistent with their
judgments.

We complete the previous matrix accordinglefinition 5 as follows:

The comparison matrix will be as follows:

s

&

S

S

™ MMM TS M i ™irpmeg pd
5 = MBI ™ ™M i e
TipFre s ek Wy ™ @ e
psiTRfTSi eIy iy

According to definition 6, one can see that this relation is not a trapezoidal
neutrosophic additive reciprocal preference relation. By using Eq..5% &qd

Eq. 7 in definition 6, we obtain the following:

5

5

5

™ MM e el g pst
p o TN ehBiwis e e
Mgy MM e @ g
P8 gy Wi ™ MM

Let us check that the matrix is consistent according to definition 6. Then, by
ensuring consistency of trapezoidal neutrosophic additive reciprocal preference
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relations, decision makers (DMs) should determine the maximum- truth

member ship degree (U),mdrhtee rms mii pnudre g mae t (ed)m
the minimum falsityme mber shi p degree (b) of singl e
numbers, as in definition 6. Then:

[0} [0} [0} [0}
Is) =
R ] ) TS M My e i ie minghs e ms mp
T g Frey ey st T® M M) ™ g g e e @i ippsi® g
IXMYTENTRTE e ) MM e e T® T® Fr@ms g Mg e
pStrAMBITTHME e i@y g mehnghng e edng e T® rRm® e

Let us be sure the matrix is deterministic, or transform the previous matrix to be
deterministic pairwiseamparison matrix, to calculate the weight of each criteria
using equation (8, 9) in definition 6.

The deterministic matrix can be obtained $yA ) equation in the following
step:

TTRTYX T8 G
™ @0 TR T
™ ™ ¢ @
™ ™

-EF
13ie

P
i
L

@@éﬁ

¢
¢
T

We present the weight of each alternatives according to each criteria from the
deterministic matrix by dividing each entry by the sum of the column; we obtain
the following matrix:

TMTT T PULV TR TT T WG
g - TRPOM O T QP T XU

T XOoOT Ye M wu T wx

TR WM U T LVLWTE 0@

c. Third criteria 0 )

DMs compare criteria with other criteria, and determine the weight of every
criteria.

o 0 0 0
o rdieie e e ®
5 = 4} ™ M r@ms(mam& oW
- ® @ ™ e 1) e g
14} ® ) ™ MMM

where y indicates preference values that are not determined by decision makers;
then, we can calculate these values and make th@msistent with their
judgments.

79



Editors:Prof. Florentin Smarandache

We complete the previous matrix according to definition 5 as follows:

5

™ T M
SV OITOT

mah R e
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5
TSI
T® i

h e reh T

5

T T@ipg ipg
@ e Mo
™ T
T 8 Frdrdy

8

T8 Tk ipaipsk
TITBMBIpe,
& frd i)
® B

According to definition 6, one can see that the relation is not a trapezoidal
neutrosophic additiveeciprocal preference relation. By using Eq. 5, Eq. 6 and
Eq. 7 in definition 6, we obtain the following:

(o]
T8 [T frep ey
T tnstmgp

5
T T
e Fredredimed
ST iy
TR e Fp it

5

T[S(m&ipv v8[h|)v8t
T Xl i
T T DD
& g Fred e

5
8 frex pip8t
T Bdpst
& [Ty
® T

Then, let us check that the matrix is consistent according to definition 6. Then, by
ensuring consistency of trapezoidal neutrosophic additive reciprocal preference
relations, decision makers (DMs) should determine the maximumnretibership

degree
falsity-me mber s hi p

(0).

definition 6. Then:

@ I md

8 g M mé e amgird g

t he

degree

(b)

of t he

mienmmbreu s hii ipd edtegyrr keien a( cdy)

singl e

and
v al

TRIT TP METd X TedpsipsT® & 18 mipsipsi e e e

™ MMM

@ raAEa iy eive st e
i Fredgima e freg

™ T

eTeTgTeigig g snweme s ianehgis

® MMM

Let us be sure the matrix is deterministic, or transform the guevinatrix to be
deterministic pairwise comparison matrix, to calculate the weight of each criteria
using equation (8, 9) in definition 6.

The deterministic matrix can be obtained ®yA ) equation in the following

step:

58838

CEEY
:1-—1
Agdd
=

© g

32&m
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We present the weight of each alternatives according to each criteria from the
deterministic matrix by dividing each entry by the sum of the column; we obtain
the following matrix:

Mo T X T T
T8Iy TV T @
U T TP
o T8 p TP G

EXY-3-)
< 99N

d. Four criteria ¢ )
DMs compare criteria with other criteria, andetenine the weighting of every:

o o o} o

™ di® 18 ey W @

5 = ® ™ eheig 18 e e w
- ® ® ™ e 18 rems
® ® A ™ TR md

Where y indicates the preference values that are not determined by decision
makers; then, we can calculate these values and make them comgistdimeir
judgments.

We complete the previous matrix according to definition 5 as follows:

5

s

s

5

T e s i T8 Fred ey iy e ips
WTgrng ™ M ™ Mg sBhempd
TgTerg M Mt ™M 8 s g
T s g IBI®Hpst M e

According to definition 6, one can see that this relation is not a trapezoidal
neutrosophic additive reciprocal preference iehatBy using Eq. 5, Eq. 6 and Eq. 7
in definition 6, we obtain the following:

s

s

5

5

™ MMM 18 M ™TgMdng 8 psr
g ™™ M ™ st hps
Wrgreig g g ™ Mg 18 gy
mhgrdig mmmimpgt MM @ emsnd

Then, we check that the matrix is consistent according to definition 6. By ensuring
consistency of trapezoidal neutrosophic additive reciprocal preference relations,
decision makers (DMs) should determine the maximum-tmambership degree

(0), t he mi ni mmambienr senti epr md encarceye ( d) and
falsityyme mber ship degree (b) of the single val
definition 6.
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0 0 0 0
5 =
® R 8 iy 8 g ity M) e 1) e et g
RO MR R MR e e m e e
TS e i e e, e Mm@ psiT@mdtng 1] hdhnd g g, ® s

Let us be sure the matrix is deterministic, or transform the previous matrix to be
deterministic pairwise comparisomatrix, to calculate the weight of each criteria
using equation (8, 9) in definition 6.

The deterministic matrix can be obtained $yA ) equation in the following
step:

8388

]
(0}

2338

T
W
(0}

ARdg
ARgd

X
P X T

We present the weight of each alternative according to each criteria from the
deterministic matrix by dividing each entry by the sum of the column; we obtain

the following matrix:

TMT TP ™ U
5 TR0 T o T T W
T8 0 T§ 0 T ] O
™Y MY ™Y 1@ ¢

Step 4:The priorities of the alternative with respect to each of the four
criteria are given by synthesizing the results from Steps 2 and 4 as follows

™ Ww

™ G X

BERB BRBER
cHdonNn —~D0 3
Jcen ©AE

The matrixw is defined by grouping together the above four columns:

o o ko R

82



Neutrosophic Operational Research
Volumelll

Step 5: The overall priorities for the candidate alternatives are finally
calculated lg multiplyingw andw :

T WU MO G XM (¢ oY TR G
o T = XCR OTTE TWR p g T8 QT T8 T
T X OT® L PTR P TU® MU TAIO X ™ QU
TR W T XT® T PpT@® L T T T U T® T X

The final results in the ANP Neutrosophic Phase are (Al, A2, A3, AAP=2(®

0.200, 0.265, 0.307). These ANP Neutrosophic results are interpreted as follows.

The highest weightingf criteria in this problem selection example is A4. Next

is Al. These weightings are used as priorities in selecting the best personnel car.
Then, it is obvious that the four alternative has the highest rank, meaning that

Nissan is the best car accordittgthis criteria, followed by Crossover, Diesel

and, finally, Sedan.

Table2. Ranking of alternatives.

Car Name Priority

Crossover 0.22
Diesel 0.20
Nissan 0.26
Sedan 0.30

Mean_priority

0,4

0,3

0,2

0,1 I I

0
CrossOver Sedan Diesel Nissan
Figure 6. ANP ranking of alternatives.

5 Conclusion

This research empyed the ANP technique in neutrosophic environment
for solving complex problems, showing the interdependence among criteria, the
feedback and the relative weight of decision makers (DMs). We analyzed how to
determine the weight for each criterion, anditiierdependence among criteria,
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calculating the weighting of each criterion to each alternative. The proposed
model of ANP in neutrosophic environment is based on using @f consensus

judgments instead e——— ones, in order to decrease therkload. We used a

new scale from 0 to 1 instead of that from 1 to 9. We also presented a real life
example as a case study. In the future, we plan to apply ANP in neutrosophic
environment by integrating it with other techniques, such as TOPSIS.
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Abstract

The neutrosophic set theory, proposed by smarandache, can be used
as a general mathematical tool for dealing with indeterminate and
inconsistent information. By applying the concepineutrosophic

sets on graph theory, several studies of neutrosophic models have
been presented in the literature. In this paper, the concept of complex
neutrosophic graph of type 1 is extended to interval complex
neutrosophic graph of type 1(ICNG1). Weave proposed a
representation of ICNG1 by adjacency matrix and studied some
properties related to this new structure. The concept of ICNG1
generalized the concept of generalized fuzzy graphs of type 1
(GFG1), generalized single valued neutrosophic graphgpe 1
(GSVNG1) generalized interval valued neutrosophic graphs of type
1 (GIVNG1) and complex neutrosophic graph type 1(CNG1).

Keywords

Neutrosophic set; complex neutrosophic set; interval complex
neutrosophic set; interval complex neutrosophic graptyme 1;
adjacency matrix.

1 Introduction

Crisp set, fuzzy sets [14] and intuitionisitic fuzzy sets [13] already acts as
a mathematical tool. But Smaranda¢fg6] gave a momentum by introducing
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the concept of neutrosophic sets (NSs in short). Neutros@ealis came as a
glitter in this field as their vast potential to intimate imprecise, incomplete,
uncertainty and inconsistent information of the world. Neutrosophic sets
associates a degree of membership (T) , indeterminacy(l) andneombership

(F) for an element each of which belongs to the-sanandar d wunit i nterva
1+[. Due to this characteristics, the practical implement of NSs becomes difficult.
So, for this reason, Smarandache [5, 6] and Wang et al. [10] introduced the
concept of a single Wed Neutrosophic sets (SVNS), which is an instance of a
NS and can be used in real scientific and engineering applications. Wang et al.
[12] defined the concept of interval valued neutrosophic sets as generalization of
SVNS. In [11], the readers can foural rich literature on single valued
neutrosophic sets and their applications in divers fields.

Graph representations are widely used for dealing with structural
information, in different domains such as networks, image interpretation, pattern
recognition @erations research. In a crisp graphs two vertices are either related
or not related to each other, mathematically, the degree of relationship is either 0
or 1. While in fuzzy graphs, the degree of relationship takes values from [0, 1].In
[1] Atanassov defed the concept of intuitionistic fuzzy graphs (IFGs) with
vertex sets and edge sets as IFS. The concept of fuzzy graphs and their extensions
have a common property that each edge must have a membership value less than
or equal to the minimum membershiptlee nodes it connects.

Fuzzy graphs and their extensso such as hesitant fuzzy graph
intuitionistic fuzzy graphs ..etc , deal with the kinds of real life problems having
some uncertainty measure. All these graphs cannot handle the indeterminate
relationship between object. So, for this reason, Smaranadache [3,9]defined a
new form of graph theory called neutrosophic graphs based on literal
indeterminacy (1) to deal with such situations. The same author[4]initiated a new
graphical structure of neutrodphgraphs based on (T, I, F) components and
proposed three structures of neutrosophic graphs such as neutrosophic edge
graphs, neutrosophic vertex graphs and neutrosophic vedtgx graphsin [8]
Smarandache defined aew classes of neutrosophic grapiecluding
neutrosophic offgraph, neutrosophic bipolar/tripola/ multipolar graph. Single
valued neutrosphic graphs with vertex sets and edge sets as SVN were first
introduced by Broumi [33] and defined some of its properties. Also, Broumi et
al.[34] definedcertain degrees of SVNG and established some of their properties.
The same author proved a necessary and sufficient condition for a single valued
neutrosophic graph to be an isola®dNG [35]. In addition, Broumi et al. [47]
defined the concept of thetarval valued neutrosophic graph as a generalization
of SVNG and analyzed some properties of it. Recently, Several extension of
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single valued neutrosophic graphs, interval valued neutrosophic graphs and their
application have been studied deeply-1B721-22, 3645, 4849,5456].

In [7] Smarandache initiated the idea odmoval of the edge degree
restriction of fuzzy graphs, intuitionistic fuzzy graphs and single valued
neutrosophic graphs. Samanta et al [53] discussed the concept ddligede
fuzzy gaphs (GFG) andtudied some properties of it . The authors claim that
fuzzy graphs and their extension defined by many researches are limited to
represented for some systems such as social network. Employing the idea
initiated by smarandache [7], Brountiad. [46, 50,51]proposed a new structures
of neutrosophic graphs such as generalized single valued neutrosophic graph of
typel(GSVNGL1), generalized interval valued neutrosophic graph of
typel(GIVNG1), generalized bipolar neutrosophic graph of type theadk types
of graphs are a generalization of generalized fuzzphgadt typel[53]. In [2],
Ramotdefined the concept of complex fuzzy sets as an extension of the fuzzy set
in which the range of the membership function is extended from the subset of the
real number to the unit disc. Later on, some extensions of complex fuzzy set have
been studied well in the litteratur e[20,23,26,28,29%8BIn [15],Ali and
Smarandache proposed the concept of complex neutrosophic set in short CNS.
The concept of complexemitrosophic set is an extension of complex intuitionistic
fuzzy sets by adding by adding compledued indeterminate membership grade
to the definition of complex intuitionistic fuzzy set. The complekued truth
membership function, complesalued indetrminacy membership function, and
complexvalued falsity membership function are totally independent. The
complex fuzzy set has only one extra phase term, complex intuitionistic fuzzy set
has two additional phase terms while complex neutrosophic setrbasptiase
terms. The complex neutrosophic sets (CNS) are used to handle the information
of uncertainty and periodicity simultaneously. When the values of the
membership function indeterminaayembership function and the falsity
membership function in a CNS8e difficult to be expressed as exact single value
in many realworld problems, interval complex neutrosophic sets can be used to
characterize the uncertain information more sufficiently and accurately. So for
this purpose, Ali et al [16] defined the aapt of interval complex neutrosophic
sets (ICNs) and examined its characteristics. Recently, Broumi et al.[52]defined
the concept of complex neutrosophic graphs of type 1 with vertex sets and edge
sets as complex neutrosophic sets.

In this paper, an exteled version of complex neutrosophic graph of type
1(ICNG1) is introduced. To the best of our knowledge, there is no research on
interval complex neutrosophic graph of type 1 in literature at present.
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The remainder of this paper is organized as followsSéction 2, some
fundamental and basic concepts regarding neutrosophic sets, single valued
neutrosophic sets, complex neutrosophic set, interval complex neutrosophic set
and complex neutrosophic graphs of type 1 are presented. In Section 3, ICNG1 is
propsed and provided by a numerical example. In section 4 a representation
matrix of ICNGL1 is introduced and finally we draw conclusions in section 5.

2 Fundamental and Basic Concepts

In this section we give some definitions regardiegtrosophic sets, sirg|
valued neutrosophic sets, complex neutrosophic set, interval complex
neutrosophic set and complex neutrosophic graphs of type 1

Definition 2.1 [5, 6]

Let — be a space of points and letx-. A neutrosophic set A — is
characterized by a truth membership function T, an indeterminacy membership
function |, and a falsity membership function F. The values of T, I, F are real
standard or nonstandard subsét0,1°[, and T, I, F=Y ]'0,1'[. A neutrosophic
set can therefore be represented as

A= ofiY @O wRO & dgov — (1)

Since"YWEO" 1ifp hthe only restriction on the sum 8fiG0is as given
below:

0 400+) @+& 2O .3 (2)

From philosophical point of view, the NS takes on value from real standard
or nonstandard subsets 0f0}1'[. However, to deal with real life applications
such as engineering and scientific pesbs, it is necessary to take values from
the interval [0, 1] instead ofQ,1'[.

Definition 2.2 [10]

Let—be a space of points (objects) with generic elementdinoted by
X. A single valued neutrosophic set A (SVNS A) is characterized by- truth
mermbership functio,(X) , an indeterminacynembership functior ,(x), and
a falsitymembership functionF,(x) . For each point x in—, T,(X), |,(X),
Fo(X)N [0, 1]. The SVNS A can therefore be written as

A= ¢fiY ® FO RO & gon — (3)
Definition 2.3 [15]

A complex neutrosophisetd defined on a universe of discoursawhich
is characterized by a truth membership functidhc han indeterminacy
membership functio® & hand a falsitymembership functic® @ that assigns
a complexvalued membership grade 't & HO & RO & for anywN &8The
values of Y & HO @ RO & and their sum may be any values within a unit circle
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in the complex plane and is therefore of the fovimo 1 ®Q HO @
n oQ handO @ 1 wQ 8All the amplitude and phase terms are
reatvalued andiy @h @h oM mp hwhereas® wh wh @ N
mic“ Isuch that the addition.
T N ow N o i o o 4)
is satisfied A complex neutrosophic sét can thus be represented in set
form as:
6 ahiYow OHO® OAROw & @y dh (5)
_ WheréYgn© @ gp M 6F§d’)$ p HOLO Ogd N 6MEdS
p OO wdod N 6O s p hand also
SY® Ow ™Ows o8 (6)
_ Let6 and6 be two CNSs irﬂ)ﬁwhicb are as defined as follow
ahY ohOwhO w g @ and 6 ch’Y whO whO @ doN @ 8
Definition 2.4 [15]

Let® andd be two CNSs imd8The unbn, intersection and complement of
two CNSs are defined as:

The union o andd denoted a “ 6 lis defined as:
0" 0 iy OHO ®wHO o dgov ®h (7)
WherelY: RO @HRO ® are given by

Yoo [TAG ol o &

O o [ ER oM o & ‘ h

O o [ El of o & < 8
The intersection od andd denoted a® . 6 his defined as:
5. 8 iy @RO RO & dov &h ®)
WheréY oHO @wHO & are given by
Yoo [ER ol o & , (9)
0o o A oM » & , h (10)
O o AP oh o & : 8 (11)

The union and the intersection of the phase terms of the complex truth,
falsity and indeterminacy membership functions can be calculated using any one
of the following operations:

Sum:
o Y w Y wh (12)
w, (13)
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1T ® 1 o] . (14)
Max:
‘ o A ok o, (15)
' o | Ag oh o, (16)
1 o AP oh o. (17)
Min
‘ o I ET of o, (18)
’ © [ ET o o, (19)
1 o [ ET oh o. (20)
AThe game of winner, neutral, and | osero
(=800 i >y 21)
im(x) it pg>p,
&, (x) if <
0o o aear &
WAQB() FWA(X) if ry<rg (23)

Definition 2.5 [16]

An interval complex neutrosophic setlefined on a universe of discourse
—hwhich is characterized by an interval truth membership funétfo
"Y @AY @ han interval indeterminaesnembership functiorO @ hand an
interval falsitymembership fun@nO wthat assigns a complesalued
membership grade tdY RO wHO @ for any wM —8 The values of
"Y @ RO @ RO & and their sum may be any values within a unit circle in the

complex plane and is  therefore of the form

Yo [ o, 0]Q h h (24)
06w [4 o ®lQ N (25)
andO & [i &, ®].0 h (26)
All  the amplitude and phase terms are -elled and

n o oM o oh oweéiQ wnN mph whereas

“ ol oh oo~ m* fsuch that the condition
TN w N o I ©w o C X
is satisfiedAn interval complex neutrosophic getan thus be represented
in set form as:

6 afivyeo GHow ©HOo & @y —h (28)
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WheréYq-8 d)cx,'bféFg'bs p hOL-® gp ~ 6hgds p HOG-&
Ogo N Oohds phandalso 4 @ ) ®w & w 08 (29)

Definition 2.6 [16]

Let 06 andd be two ICNSs in-8The union, intersection and complement
of two ICNSs are defined as:

The union ob and® denoted a3* 6 fis defined as:

0° 6

i RO RO ® dov dh (30)

WherelY: RGO @HRO @ are given by

4. =D @ Db @ A8

4. =D @ P @ AP (31)
) =N @" N @ A® - |

). &= N "N @ A® - | (32)
& @= 0@ 0@ &® :

& @=00@ 0 @ &8 (33)
The intersection @ andd denotedasd. & his defined as:

6, 6 Y »hHO ®HRO @ dov dh (34)
Where)Y wHO @HO o are given by

4 @=Db @ D @ A ,

4 @=b & b @ A (35)
) =R @ RN o A®

) =N @ N g A® | (36)
& 2=00¢ 0o &° :

& @=0@2 09 &° (37)

The union and the intersection of the phase terms of the complex truth,
falsity and indeterminacy membership functions can beailztd using any one
of the following operations:
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Sum
{ g { 9 t 9,
{ g 1t 9 t 9,
o d v @ u O,
o d v O u O,
S g 5 @ 5 O,
S g 5 @ 5 O,
Max:
t- @ 1 A®@ ok @,
t- @ 1A® oh @,
4. @ | A@a o @,
4. @ | A@ g @,
S @ 1A o @,
S @ 1A oy @,
Min
t- @ | Et ok @,
t- @ | Et oh @,
- @ | Eb ol @,
4. @ [ Elvw gl @,
5. @ T EbL oh @,
5. @ T EL o @,
irThe game of winner
_em(x) if p,>pg
=000 it by
qA<qB

():\I'e'ﬂA(X) if
hes ing(x) if gg<a,’

_em(x) if Ty <rg
Tl (x) it

Wice (X)

Definition 2.7 [52]

Mg <ry,

neutr al

’

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(49)

(46)
and

(47)

(48)

(49)

Consider V be a newoid set. Two function are considered as follows:

94

| oser o0:



Neutrosophic Operational Research

Volumelil
"= ,”,” VO mp and
1=(0 ., ., )VXVO tip .We suppose
A={(" @, w)iI xy) O} (50)
B={(" w,” ®)] (xy) O} (51)
C={" ®,) w)l Xy 0} (52)
considered ,]1 and] 0 for all set A,B, C since its is possible to have

edge degree =0 (for T, or I, or F).

The triad (V,” ;1 ) is defined to be complex neutrosophic graph of type 1
(CNG1) if there are functions

| ;A0 1ip ,f :BO mifp and :CO 1ip such tha

1Todw = ® 0)) (53)
T oo =T (@) o)) (54)
1 ow = (C ®,” )) wherex,y V. (55)

Foreach w=(" w,” ®,” ®),xN Vare called the complex truth,
complex indeterminacy and complietsity-membership values, respectively, of
the vertex x. likewise for each edge (x, ¥) @U=(d @U,5 @U,5 @)
are called the complex membership, complex indeterminacy membership and
complex falsity values of the edge.

3 Interval Com plex Neutrosophic Graph of Type 1

In this section, based on the concept of complex neutrosophic graph of type 1
[52], we define the concept of interval complex neutrosophic graph of type 1 as
follows:

Definition 3.1.
Consider V be a nowoid set. Two funton are considered as follows:
M(M M, MM, MM VO Tiip and
S=(5 5 55 L5 5 )xVxvOo mip . We suppose
A={(m @m @, m Um U)P (xy) O

andd (x,y) 0}, (56)

B={(m Om @, m Um U)P (xy) O

andy (x,y) 0}, (57)

C={(m Om @, m Um U)P xy) O

andy (x,y) 0}, (58)
We have considered ,1 and] 0 for all set A,B, C, since its is

possible to have edge degree = 0 (for T, or |, or F).

95



Editors:Prof. Florentin Smarandache
Dr. MohamedAbdelBasset
Dr. Victor Chang

The triad (V,”,1 ) is defined to be an interval complex neutrosophic graph
of typel (ICNGL1) if there are functions

| :AO  1ip ,f :BO 1ip and :CO tip such that

1 dw=ll dw,

1 o=l (m om T, m om U) (59)
1 do=[1 dw,

1 o=t (m om @, m om U) (60)
1 do=ll o, ‘

1T WdwlFT(m om G, m om U )wherex, y V. (61)

For eachm@=(m Om @, m Om @ . m Om G XN V are
called the interval complex truth, interval complex indeterminacy and interval
complex falsitymembership values, respectively, of the vertex x. likevigse
each edge(x, y)y: @dU=00 @U,5 @U,5 @) are called the interval
complex membership, interval complex indeterminacy membership and interval
complex falsity values of the edge.

Example 3.2

Consider the vertex set be V={x, y, 2} and edge set be E= {(x, y),(X,
z),(x, O),(y, O}

X y z t

MM [0.5Y 0.6p8 8hsg [0.9’1p8 8hs [0.3’ 0.4p8 8hs8 [0.8, Olgps 8hsg
MM [0.3,0.4008 8hs [0.2,0.38 8hs [0.1,0.2Kp8 8hs [0.5,0.60n8 8hs
M M [0.1,0.2p8 8hs [0.6,0.78 8hs [0.8,0.9n8 8hs [0.4,0.508 8hs

Tablel. Interval Conplex truthmembership, indeterminaegembership and
falsity-membership of the vertex set.

Given the following functions
| Gk =[@ 0~ &

I G =[a 0~ & 6 o0~ ¢

1afe =6 67 &

Here,

of 6~ & 6]8k8
BEX
6f 6~ & 6]8k8

(62)
(63)
(64)

A={([0.5, 0.6]Q8 8h8 [0.9, 108 8h8) ([0.5, 0.6R8 8h8 [0.3,
0.41Q% 808 (0.5 0.6R8 8N [0.8,0.9R% 8M8)(0.9, 1.0p8 8h8,
[0.8,0.9]08 8h8 )}

B={([0.3, 0.4]Q8 8h8 [0.2, 0.3R8 8h8) (0.3, 0.4R8 8h8  J[o0.1,
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02108 8h8) (0.3, 04p?® 8hs
0.3[Q% 8h8 [0.5,0.6R% 8h8)} ] ]
Cc={([0.1, 0.2]Q8 8h8 [0.6,0.7R8 &h8) ([0.1,0.2R8 8M8 0.8,

[0.5, 0.6R& 8h8) (0.2,

0.9[Q8 8h8) (0.1, 0.2R8 8h8 (0.4, o05R8 8h8) (0.6,
0.71Q% 88 [0.4,0.5n8 8h8 )}
Then
[0.9’ 1]QS 8hs8 [0.5’ 0_6p8 8h8 [018’0_9p8 8h8 [0.9’1p8 8h8
[0.2,0.308 8h8 [0.1,0.208 8h8 [0.3,0.408 8"8 | [0.2,0.3Qn8 8he
[0.1, 0.28 8h8 [0.1,0.2p8 8hs [0.1,0.208 8M& | [0.4,0.508 8h8

Table2. Interval Complex trutmembership, indeterminaecgembership
and falsitymembership ahe edge set.

The figure 2 show the interval complex neutrosophic graph of type 1

Fig 2. Interval complex neutrosophicgraph of type

In classical graph theory, any graph can be represented by adjacency
matrices, and incident matrices. In the following section ICNGL1 is represented
by adjacency matrix

4 Representation of interval complex neutrosophic graph of
Type 1 by adjacency matrix

In this section, interval trutmembership, interval indeterminateembership
and interval falsemembership are considered independents. Based on the
representation of complex neutrosophic graph of type 1 by adjacency matrix [52],
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we propose a matrirepresentation of interval complex neutrosophic graph of
type 1 as follow:

The interval complex neutrosophic graph (ICNG1) has one property that
edge membership values (T, I, F) depends on the membership values (T, I, F) of
adjacent vertices. Supmss=(V, md) is a ICNG1 where vertex set
v={0,0, éQ}. The functions

| :AO Tip is taken such that

1 oo = ((C ©) @) o= (C ®" ), wherex,y

V and

A={(" ®,) ®," ®,)” w)] Ky Oand (x,y) 0},
I :BO Tip is taken such that

ToW =T (¢ ©) ©)] dw =T ) ®)), wherex,y
V and

B={(" w,” o,” w,” w)] Xy Oand (x,y) 0}
and
1 :CO rip is taken such that

1 o= (¢ o) ®©)] do = (¢ ®) ), wherex, y
V and

C={(" o,/ o,” w, )] Xy O0and (x,y) 0}

The ICNG1 can be represented by (n+1) x (n+1) matri®™ =[¢5 PP @, j)]
as follows:

The interval complex truth membership (T), interval complex indeterminacy
membership (I) and the interval complex falgitgmbership (F) values of the
vertices are provided in the first row and first column. The (i+1;jtitgntry are
the interval complex truth membership (T), interval complex indeterminacy
membership (I) and the interval complex falgitgmbership (F) values of the
edgeo,w) , i, jJFEl,é,n if i

The (i, ixthentry is” o =" o ,” ®,"” ®) ), where i=1,2,¢é,n.
interval complex truth membership (T), interval complex indeterminacy
membership (1) and the interval complex falsigmbership (F) values of the
edge can be computed easily using the fonsti i and which are in (1,1)
position of the matrix. The matrix representation of ICNG1, denoted 637 :
can be written as three matrix representationd and0d . For convenience

representatioe (" 0 =" 0 ,” v ], 0" O =" 0 ,” UL ]Jand

o o =" UL, o], for i=1, é., n
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The 0 canbe therefore represented as follows

| v U v O

0 U r v, [ 0, 0)

o o ¢ o o)

0 U

Table3. Matrix representation of TCNG1

The 0 can be therefore represented as follows

o ("

0

re

0 ,n

o)

re

) ,n

o)

é é

ERIER
o

Table4. Matrix representation of-ICNG1

The 0 can be therefore represented as follows

0 0
o
o

) (n ) [n l‘J , )

o 0

(" o

Table5. Matrix repesentation of HCNG1

Here the Intervatomplex neutrosophic graph of first type (ICNG1) can be
represented by the matrix representation depicted in table 9. The matrix
representation can be written as three interval complex matrices one containing
theentries as T, |, F (see table 6, 7 and 8).
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| =max(x, y)

x([0.5, 0.6]Q8 8h8)

y(0.9,1].Q% °"%)

z([0.3,
Q8 8hs

04,

t([0.8,

0.9].
'QS 8hs )

x([0.5, 0.6]Q8 8h8)

[0.5, 0.6]Q8 8hs8

[0_9 , l].'QS 8hs

[0.5,0.6]Q8 8hs8

[0.8,0.91Q8 © ©

y([0.9,1].Q8 8he) [0.9,1].Q8 8ns [0.9,1].Q8 8hs [0,0] [0.9,1].Q% &h8
z([0.3, 0.4]. [0.5,0.6]Q8 8he [0, 0] [0.3, 0.4]. | [0, 0]
o -Qs 8hs
'QB 8h8
t([0.8, 0.9]. [0.8,0.9].Q8 8hs [0.9,1].Q8 8hs [0,0] [0.8,0.9].Q8 8he
08 aﬁa)
Table 6 Lowerand upper Truthmatrix representadnof ICNG1
I =min(x, y) x([0.3, 0.4].Q¢ 8h8) | y([0.2, 0.3]. | z([0.1, 0.2].| t([0.5, 0.6].Q8 8h8)
-QB 8h8) 'QS 8h8
x([0.3, 0.4].Q8 8"8) | [0.3,0.4].Q8 8he [0.2, 0.3].| [0.1,0.2].Q% &h8 [0.3,0.4].Q8 8hs
'QS 8h8
y([0.2,0.3].Q8 8h8) | [0.2,0.3.Q8 8hs8 0.2, 0.3]. ] 0.0] [0.2,0.3].Q8 8hs
'QS 8h8
z([0.1, 0.2].Q8 8h8 [0.1,0.2].Q8 8hs [0.0] [0.1,0.2].Q8 8hs [0,0]
t([0.5, 0.6]. [0.3,0.4].Q8 8h8 [0.2, 0.3]. | [0.0] [0.50.6].Q8 8h8
. Q8 8hs
'QS 8h8)

Table 7:Lower and upperrideterminacymatrix representation of ICNG1

1 = min(x, y) 'xg(go.}s,ﬁs) 0.2]. 'yg(go.z,ﬁs) 0.7]. -ZQ(LO'%'ﬁs) 0.9]. 'tg(z[gAéﬁs) 0.5].
x([0.1, 0.2]Q8 8h8) [0.1,0.2].Q8 8h8 [0.1,0.2].Q8 8h8 [0.1,0.2].Q8 8h8 [0.1,0.2].Q8 8h8
y[0.6, 0.7]Q8 8h8) [0.1,0.2].Q8 8he [0.6,0.7].Q8 8he | [0,0] [0.4,05].Q8 8hse
z([0.8, 0.9]Q8 88 ) [0.1,0.2].Q8 8he [0,0] [0.8,0.9].Q8 8he | [0,0]

t[0.4, 0.5].Q8 8h8) [0.1,0.2].Q8 8hs [0.4,05].Q8 8hs [0.0] [0.4,0.5].Q8 8hs

Table 8:

Lower and upper Falsitynatrix representation of ICNG1

The matrix representation of ICNG1 can be represented as follows:
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€11 X(<[0.5, 0.6].Q° "8 y(<[05,0.6]Q° 88 | z(<[0.5, 0.6]. | 1(<[05, 06T,
08 8hs ~8 8h8
[0.3,0.4].0% 8M8 [0.3,0.4].Q° &hs Q o Q o
‘08 8hs ‘08 8hs
[0.1,02]:08 8h¢ >) [0.1,02].08 878 ) [03,0410% *1¢, | [0.3 0410° *1,
[0.1,0.2].Q8 8h8&>) | [0.1,0.2]..Q8 8h8 )
X(<[0.5, 06] <[0.5' 0.6].'98 8hsg , <[0.9’ 0.1].'98 8hsg , <[0.5’ 0.6].198 8hsg , <[0.8, 0.9].'98 8ha ,
'QS BhB’

[0.3,0.4].Q8 8h8
[0.1,0.2].Q8 8h8 )

[0.3,0.4].Q8 8he |
[0.1,0.2].Q8 8h8 >

[0.2,0.3].Q8 8he |
[0.1,0.2].Q8 8h8 >

[0.1,0.2].Q8 &h&
[0.1,0.2].Q8 8h8 >

[0.3,0.4].Q8 8h8
[0.1,0.2].Q8 8h8 >

y(<[0.5, 0.6].Q% 8h8
[0.3,0.4].Q8 8he
[0.1,0.2].Q8 8h8 )

<[0.9,0.1].Q8 8h8
[0.2,0.3].Q8 8h8
[0.1,0.2].Q8 &he >

<[0.5,0.6].Q8 8h8
[0.3,0.4].Q8 8he
[0.1,0.2].Q8 8he >

<[o, 0],
[0, O],
[0, 0]>

<[0.91].Q% N8
[0.2,0.3].Q8 8he
[0.4,0.5].Q8 &he >

2(<[0.5, 0.6].Q% 8he
[0.3,0.4].Q8 8he |
[0.1,0.2].Q8 8h8 )

<[0.5, 0.6].Q% 8h8
[0.1,0.2].Q8 8he |
[0.1,0.2].Q8 8h8 >

<[0, 0],
[0, 0],
[0, O]>

<[0.5, 0.6].Q% 8he
[0.3,0.4].Q8 8h8
[0.1,0.2].Q8 8h8 >

<[0, 0],
[0, 0],
[0, 0]>

t(<[0.5, 0.6].Q8 8h8 |
[0.3,0.4].Q8 8h8
[0.1,0.2].Q8 8h8 )

<[0.8,0.9].Q8 8h8
[0.3,0.4].Q8 8h8
[0.1,0.2].Q8 &he >

<[0.91].Q8 N8
[0.2,0.3].Q8 8h8
[0.4,0.5].Q8 8h8 >

<[0, 0],
[0, O],
[0, 0]>

<[0.5, 0.6].Q8 8h8
[0.3,0.4].Q8 8h8
[0.1,0.2].Q8 &he >

Table 9: Matrix representation of ICNG1.

Remark 1

I =" o,

I.I: ” (b :n (b ,n
phase terms equal=ero,

w=0and’ &=’

w and” ="

@ 1 and the interval
valued phase terms equas@, the interval complex neutrosophic graphs type 1
is reduced to generalized fuzzy graphs type 1 (GFGL1).

Remark 2

reduced to generalized single valued graphs type 1 (GSVNG1).
Remark 3

I.I: ” (b =n (b ,u

®w and” w="

w and the interval valued
the interval complex neutrosophic graphs type 1 is

@ the interval complex

neutrosphic graphs type 1 is reduced to complex neutrosophic graphs type 1
(CNG1).
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Remark 4

If” o ®w,” wand” ® ® Q¢ Me interval
valued phase terms equals zero, the interval conmgatrosophic graphs type 1
is reduced to generalized interval valued graphs type 1 (GIVNGL1).

Theorem 1

Given thed be matrix representation of[CNG1, then the degree of
vertex O @ =[B ; ® Q phlQ pB ; & Q phQ p NV
or

O® =B 5 &@Qpm pB ; & Qpm podnV.
Proof

Similar to that of theorem 1 of [52].
Theorem 2

Given thed be a matrix reprentation of #iCNG1, then the degree of
vertexO @ =[B ; & Q phQ pB 7 & Q phQ p MV

oo O® =B y & Qpm pB [ &© Qph p o

V.
Proof

Similar to that of theorem 1 of [52].
Theorem 3

Given thed be a matrix representation of ICNG1, then the degree of
vertex

O & =B & QphQpB & Q phQ p 0" V
or

O ® =B {; & Qphm pB & Qpm p o~V
Proof

Similar to that of theorem 1 of [52].
Theorem4

3¢

Given thed ™ be a matrix representation of ICNG1, then thgrde of
vertex D)=(0 ® ,0 w ,O0 w ) where

O w =B  ®Q phQ p,B ; & Q phQ p ho V.
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Ow ==B j; ®QphQp,B s & Q phQ p ho V.
0O & ==B ; ®QphQp,B ; & Q phQ p ho "
V.
Proof

The proof is obvious.

5 Conclusion

In this article, we have introduced the concepttarval complex neutrosophic
graph of typel as generalization of the concept of single valued neutrosophic
graph type 1 (GSVNGL1), interval valued neutrosophic graph type 1 (GIVNG1)
and complex neutrosophic graph of typel(CNG1). Next, we processed to
preented a matrix representation of it. In the future works, we plan to study some
more properties and applications of ICNG type 1 define the concept of interval
complex neutrosophic graphs type 2.
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